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Weather Information for Garden City, 2019 
J. Elliott
Precipitation for 2019 totaled 17.49 inches. This was 1.75 inches below the 30-year 
average of 19.24 inches. By the end of May, we had received 10.81 inches which was 
3.77 inches above normal for that point of the year, resulting in good spring planting 
conditions. May had 19 days with measurable precipitation which was the most of any 
month on record. Each month after May 2019 exhibited below normal moisture until 
a rain event after Christmas pulled the December monthly precipitation above normal. 
Hail was noted on May 6 and July 20. The largest precipitation event was 2.65 inches 
falling from May 19 through May 24. 
Measurable snowfall occurred in January, February, March, October, and November. 
Annual snowfall totaled 23.8 inches compared to an average of 19.7 inches. Season-
al snowfall (2018–2019) was 33.4 inches and was 13.67 inches above the average of 
19.73 inches. 
The average daily wind speed was 4.86 mph compared to the 30-year average of 5.10 
mph. Open pan evaporation was measured daily from April through October, and 
totaled 72.74 inches. This was 2.48 inches above the 30-year mean of 70.26 inches.
Our mean annual temperature was 53.3°F which was similar to the 30-year average of 
53.7°F. Triple-digit temperatures were observed on 10 days in 2019, with the highest 
being 103°F on July 18, 20, and 21 as well as August 1 and 21. No record high tempera-
tures were recorded in 2019.
Sub-zero temperature occurred four times in 2019. The lowest temperature was -3°F 
noted on March 5. Two record low temperatures were equaled or exceeded: 49°F on 
June 24 and 6°F on October 31. 
The last spring freeze was 30°F on April 19, which was ten days earlier than the 30-year 
average. The first fall freeze was 17°F on October 11, which was one day earlier than 
normal, and was unusual because it was a much lower temperature than the normal first 
fall freeze. This resulted in a 175 day frost-free period, which is ten days longer than the 
30-year average.
The 2019 climate information for Garden City is summarized in Table 1. 
2













1981-2010Max Min Mean Max Min
---------- mph ---------- ----------- in. -----------
January 0.85 0.46 42.2 19.4 30.8 30.4 60 4 4.45 4.5 n/a n/a
February 1.42 0.55 39.9 14.5 27.2 33.9 70 -2 5.00 5.24 n/a n/a
March 1.98 1.31 49.7 24.4 37.1 42.9 80 -3 5.94 6.31 n/a n/a
April 0.09 1.74 71.2 38.2 54.7 52.3 89 20 5.96 6.42 8.94 8.21
May 6.47 2.98 71.1 46.2 58.7 62.8 91 35 4.01 5.76 7.37 10.04
June 1.20 3.12 86.7 57.5 72.1 72.6 102 41 4.75 5.37 12.30 11.96
July 1.74 2.8 93.5 64.3 78.9 77.9 103 56 5.20 4.59 14.69 13.22
August 1.76 2.51 93.1 64.4 78.8 76.3 103 56 3.83 4.11 11.56 11.28
September 0.12 1.42 90.6 60.4 75.5 67.7 100 48 5.96 4.73 11.92 9.22
October 0.36 1.21 66.9 33.0 50.0 54.9 93 7 5.03 4.89 5.96 6.33
November 0.20 0.55 57.3 23.2 40.3 41.6 80 0 4.43 4.8 n/a n/a
December 1.30 0.59 51.8 20.2 36.0 31.4 69 10 3.73 4.45 n/a n/a
Annual 17.49 19.24 67.8 38.8 53.3 53.7 103 -3 4.86 5.10 72.74 70.26
Average 2019
Latest spring freeze April 29 April 19
Earliest fall freeze October 12 October 11
Frost free period 165 days 175 days
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Weather Information for Tribune
D. Bond and J. Slattery
In 2019, annual precipitation of 19.59 in. was recorded, which is 1.69 in. above nor-
mal. Only five months had above-normal precipitation. July (3.84 in.) was the wettest 
month. The largest single amount of precipitation was 2.00 in. on July 21. April, the 
driest month, only recorded 0.20 in. of precipitation.
Snowfall for the year totaled 38.1 in. (15.7 in. above normal); January, February, 
March, April, October, November and December had 11.3, 12.0, 5.2, 0.1, 5.0, 3.5, and 
1.0 in., respectively. There was a total of 35 days of snow cover, which is nine days above 
normal. The longest consecutive period of snow cover, 14 days, occurred February 23 
through March 8.
Record-high temperatures were recorded on 2 days: February 4 (73°F) and September 3 
(103°F). Historical record-high temperatures were tied on 2 days: August 20 (100°F) 
and 21 (102°F). Record-low temperatures were recorded on 5 days: June 10 (38°F); 
October 11 (14°F) and 31 (2°F); and November 1 (8°F) and 12 (0°F). A historical re-
cord-low temperature was tied on October 12 (19°F). July was the warmest month with 
a mean temperature of 76.3°F. The hottest day of the year (105°F) occurred on July 
20. The coldest day of the year (-6°F) occurred on February 8. February was the coldest 
month with a mean temperature of 25.4°F. Of special note, the average minimum tem-
perature for October (29.7°F) broke the historic record (31.1°F) set in 1995.
The mean air temperature was below normal for 7 months. September had the greatest 
departure above normal (6.1°F), and February had the greatest departure below normal 
(-8.1°F). Temperatures were 100°F or higher on 13 days, which is 2 days above normal. 
Temperatures were 90°F or higher on 64 days, which is 1 day above normal. The latest 
spring freeze was May 22, which is 16 days later than normal; the earliest fall freeze fell 
on October 10, which is 3 days later than normal. This produced a frost-free period of 
141 days, which is 13 days less than the normal of 154 days.
Open-pan evaporation from April through September totaled 63.72 in., which is 
7.68 in. below normal. Wind speed for this period averaged 4.0 mph, which is 1.3 mph 
less than normal. 
The 2019 weather information for Tribune is summarized in Table 1.
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extreme Wind Evaporation 
Month 2019 Normal Max Min Max Min Max Min 2019 Normal 2019 Normal
-------- in. -------- ------------------------------ °F ------------------------------ ------- mph ------- -------- in. --------
January 0.96 0.49 44.7 18.6 44.0 16.2 63 4 --- --- --- ---
February 1.16 0.52 39.2 11.6 47.5 19.4 73 -6 --- --- --- ---
March 2.00 1.22 49.3 22.8 56.3 26.8 79 -4 --- --- --- ---
April 0.20 1.45 70.2 35.0 65.7 34.9 87 19 4.2 6.0 8.24 8.27
May 3.73 2.38 68.4 41.8 75.1 46.4 93 30 3.8 5.6 7.03 11.75
June 2.60 2.94 84.7 52.9 85.7 56.6 100 38 4.0 5.2 12.44 14.04
July 3.84 2.85 92.4 60.1 91.8 61.7 105 52 3.7 5.2 13.69 15.58
August 2.29 2.33 91.2 60.4 89.4 60.4 102 52 3.3 4.7 11.06 12.16
September 1.15 1.18 88.4 56.0 81.5 50.6 103 47 5.0 5.0 11.26 9.60
October 0.60 1.49 62.7 29.7 68.9 37.1 92 2 3.9* 4.5* 5.48* 6.09*
November 0.34 0.55 53.0 21.4 54.9 25.7 74 0 --- --- --- ---
December 0.72 0.50 48.5 19.5 44.7 17.0 67 8 --- --- --- ---
Annual 19.59 17.90 66.2 36.0 67.1 37.7 105 -6 4.0 5.3 63.72 71.40
Normal latest freeze (32°F) in spring: May 6. In 2019: May 22.
Normal earliest freeze (32°F) in fall: October 7. In 2019: October 10.
Normal frost-free (>32°F) period: 154 days. In 2019: 141 days.
Normal for precipitation and temperature is 30-year average (1981–2010) from National Weather Service.
Normal for latest freeze, earliest freeze, wind, and evaporation is 30-year average (1981–2010) from Tribune weather data.
* Normal for October wind and evaporation is 10-year average (2001–2010) from Tribune weather data; October not included in annual totals.
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Wheat and Grain Sorghum in Four-Year 
Rotations
A. Schlegel, J. Holman, and A. Burnett
Summary
In 1996, an effort began to quantify soil water storage, crop water use, and crop pro-
ductivity on dryland systems in western Kansas. Research on 4-year crop rotations with 
wheat and grain sorghum was initiated at the Southwest Research-Extension Center 
near Tribune, KS. Rotations were wheat-wheat-sorghum-fallow (WWSF), wheat-sor-
ghum-sorghum-fallow (WSSF), and continuous wheat (WW). Soil water at wheat 
planting averaged about 9 in. following sorghum, which is about 3 in. more than the 
average for the second wheat crop in a WWSF rotation. Soil water at sorghum planting 
was only about 1.5 in. less for the second sorghum crop compared to sorghum follow-
ing wheat. The 2019 grain yields of both wheat and grain sorghum in all rotations were 
much greater than the long-term average. Grain yield of recrop wheat averaged about 
75% of the yield of wheat following sorghum. Grain yield of continuous wheat averaged 
about 60% of the yield of wheat grown in a 4-year rotation following sorghum. Gener-
ally, wheat yields were similar following one or two sorghum crops. Similarly, average 
sorghum yields were the same following one or two wheat crops. Yield of the second 
sorghum crop in a WSSF rotation averages ~65% of the yield of the first sorghum crop. 
Introduction
In recent years, cropping intensity has increased in dryland systems in western Kansas. 
The traditional wheat-fallow system is being replaced by wheat-summer crop-fallow 
rotations. Research was conducted to better understand if more intensive cropping 
is feasible with concurrent increases in no-tillage. Objectives of this research were to 
quantify soil water storage, crop water use, and crop productivity of 4-year and continu-
ous cropping systems. 
Experimental Procedures
Research on 4-year crop rotations with wheat and grain sorghum was initiated in 1996 
at the Tribune unit of the Southwest Research-Extension Center. Rotations were 
WWSF, WSSF, and WW. No-tillage was used for all rotations except for the first two 
years where reduced tillage was used for wheat following sorghum. Available water was 
measured in the soil profile (0 to 6 ft) at planting and harvest of each crop. The center of 




The amount of available water in the soil profile (0 to 6 ft) at wheat planting varied 
greatly from year to year (Figure 1). In 2019, available soil water was greater for wheat 
following two sorghum crops than one sorghum crop, while normally they are similar. 
Soil water was less for WW than for the second wheat crop in WWSF. Available water 
at planting of the second wheat crop in a WWSF rotation was generally less than at 
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planting of the first wheat crop, except in 1997 and 2003. Soil water for the second 
wheat crop averaged more than 3 in. (or about 40%) less than that for the first wheat 
crop in the rotation. Continuous wheat averaged approximately 0.8 in. less water at 
planting than the second wheat crop in a WWSF rotation.  
Similar to wheat, the amount of available water in the soil profile at sorghum planting 
varied greatly from year to year (Figure 2), and available water at sorghum planting in 
2019 was greater than the long-term average. Soil water was similar following one or 
two wheat crops. Water at planting of the second sorghum crop in a WSSF rotation 
was generally less than that at planting of the first sorghum crop. Averaged across the 
entire study period, the first sorghum crop had about 1.53 in. more available water at 
planting than the second crop. 
Grain Yields
In 2019, wheat yields in all rotations were much greater than the long-term average 
(Table 1). Averaged across 23 years, recrop wheat (the second wheat crop in a WWSF 
rotation) yielded about 75% of first-year wheat crop in WWSF. Before 2003, recrop 
wheat yielded about 70% of first-year wheat. Wheat yields following two sorghum crops 
are 2 bu/a greater than following one sorghum crop. In many years, continuous wheat 
yields have been similar to recrop wheat yields. In other years (2003, 2007, 2009, 2014, 
and 2018), recrop wheat yields were considerably greater than continuous wheat yields. 
In 2019, continuous wheat yields were 8 bu/a less than recrop wheat yields (63 vs. 
71 bu/a) and averaged 6 bu/a less than recrop wheat. 
Sorghum yields in 2019 for all rotations were much higher than the long-term average 
yields (Table 2). This is the fifth year in a row of above average sorghum yields. Sorghum 
yields following wheat were about 47 bu/a greater than the long-term average. Recrop 
sorghum yields were 34 bu/a greater than the long-term average. Sorghum yields were 
similar following one or two wheat crops, which was consistent with the long-term 
average. The second sorghum crop yields were 68% of the first sorghum crop in 2019, 
which was similar to the long-term average of about 65%.
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Table 1. Wheat response to dryland crop rotation, Tribune, KS, 1997–2019
Rotation ANOVA (P > F)




1997 57 55 48 43 8 0.017
1998 70 64 63 60 12 0.391
1999 74 80 41 43 14 0.001
2000 46 35 18 18 10 0.001
2001 22 29 27 34 14 0.335
2002 0 0 0 0 --- ---
2003 29 27 66 30 14 0.001
2004 5.7 6.1 0.4 0.5 1.6 0.001
2005 45 40 41 44 10 0.690
2006 28 26 7 2 8 0.001
2007 75 61 63 41 14 0.004
2008 40 40 5 6 5 0.001
2009 37 39 50 24 15 0.029
2010 63 60 29 23 9 0.001
2011 25 22 25 17 8 0.152
2012 14 20 10 9 15 0.380
2013 0 0 0 0 --- ---
2014 51 45 31 12 18 0.004
2015 49 36 24 24 12 0.001
2016 78 77 58 52 12 0.001
2017 20 20 4 6 4 0.001
2018 52 51 24 24 9 0.001
2019 88 96 71 63 6 0.001
Mean 42 a 40 b 31 c 25 d 2 0.001 0.001 0.001
1W = wheat. S = sorghum. Capital letters denote current year’s crop. 
Wheat-sorghum-sorghum-fallow (WSSF), wheat-wheat-sorghum-fallow (WWSF), and continuous wheat (WW). 
ANOVA = analysis of variance.
LSD = least significant difference.
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Table 2. Grain sorghum response to crop rotation, Tribune, KS, 1996–2019
Rotation ANOVA (P > F)




1996 58 35 54 24 0.117
1997 88 45 80 13 0.001
1998 117 100 109 12 0.026
1999 99 74 90 11 0.004
2000 63 23 67 16 0.001
2001 68 66 73 18 0.673
2002 0 0 0 --- ---
2003 60 41 76 18 0.009
2004 91 79 82 17 0.295
2005 81 69 85 20 0.188
2006 55 13 71 15 0.001
2007 101 86 101   9 0.008
2008 50 30 57 12 0.005
2009 89 44 103 53 0.080
2010 98 52 105 24 0.004
2011 119 47 105 34 0.005
2012 0 0 0 --- ---
2013 105 98 100 23 0.742
2014 91 5 84 29 0.001
2015 125 82 124 22 0.005
2016 134 98 139 10 0.001
2017 147 119 157 15 0.002
2018 125 64 137 13 0.001
2019 134 91 137 15 0.001
Mean 87 a 57 b 89 a 3 0.001 0.001 0.001
1W = wheat. S = sorghum. Capital letters denote current year’s crop.
Wheat-sorghum-sorghum-fallow (WSSF) and wheat-wheat-sorghum-fallow (WWSF). 
ANOVA = analysis of variance.









































































Figure 1. Available soil water in 6-ft profile at planting of wheat in four rotations at 
Tribune, KS, 1997–2019. Capital letter denotes current crop in rotation (W, wheat; S, 
sorghum). The last set of bars (Mean) is the average across years. Wheat-sorghum-sor-










































































Figure 2. Available soil water in 6-ft profile at planting of sorghum in three rotations 
at Tribune, KS, 1996–2019. Capital letter denotes current crop in rotation (W, wheat; 
S, sorghum). The last set of bars (Mean) is the average across years. Wheat-sorghum-sor-
ghum-fallow (WSSF) and wheat-wheat-sorghum-fallow (WWSF).
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Large-Scale Dryland Cropping Systems
A. Schlegel, L. Haag, and A. Burnett
Summary
This study was conducted from 2008–2019 at the Kansas State University Southwest Re-
search-Extension Center near Tribune, KS. The purpose of the study was to identify whether 
more intensive cropping systems can enhance and stabilize production in rainfed cropping sys-
tems to optimize economic crop production, more efficiently capture and utilize scarce precip-
itation, and maintain or enhance soil resources and environmental quality. The crop rotations 
evaluated were continuous grain sorghum (SS), wheat-fallow (WF), wheat-corn-fallow (WCF), 
wheat-sorghum-fallow (WSF), wheat-corn-sorghum-fallow (WCSF), and wheat-sorghum-
corn-fallow (WSCF). All rotations were grown using no-tillage practices except for WF, which 
was grown using reduced-tillage. The efficiency of precipitation capture was not greater with 
more intensive rotations. Length of rotation had little effect on wheat yields. Corn and grain 
sorghum yields were about 45–50% greater when following wheat than when following corn or 
grain sorghum. Grain sorghum yields were about 45% greater than corn in similar rotations. 
Introduction
The change from conventional tillage to no-tillage cropping systems has allowed for greater in-
tensification of cropping in semi-arid regions. In the central High Plains, wheat-fallow (1 crop 
in 2 years) has been a popular cropping system for many decades. This system is being replaced 
by more intensive wheat-summer crop-fallow rotations (2 crops in 3 years). There has also been 
increased interest in further intensifying the cropping systems by growing 3 crops in 4 years or 
continuous cropping. This project evaluates several multi-crop rotations that are feasible for the 
region, along with alternative systems that are more intensive than 2- or 3-year rotations. The 
objectives are to 1) enhance and stabilize production of rainfed cropping systems using multiple 
crops and rotations, using best management practices to optimize capture and utilization of 
precipitation for economic crop production, and 2) enhance adoption of alternative rainfed 
cropping systems that provide optimal profitability.
Experimental Procedures
The crop rotations are 2-year (wheat-fallow [WF]); 3-year (wheat-grain sorghum-fallow [WSF] 
and wheat-corn-fallow [WCF]); 4-year (wheat-corn-sorghum-fallow [WCSF] and wheat-
sorghum-corn-fallow [WSCF]); and continuous sorghum [SS]. All rotations are grown using 
no-tillage (NT) practices except for WF, which is grown using reduced-tillage (RT). All phases 
of each rotation are present each year. Plot size is a minimum of 100 × 450 ft. In most instances, 
grain yields were determined by harvesting the center 60 ft (by entire length) of each plot with a 
commercial combine and determining grain weight with a weigh-wagon or combine yield moni-
tor. Soil water was measured in 12-inch increments to 96 inches near planting and after harvest 
either gravimetrically (RT WF) or by neutron attenuation (NT plots). 
Results and Discussion
Precipitation averaged 102% of normal (17.90 in.) across the 12-yr study period and was near 
normal (+/- 15%) in 8 out of 12 years with three wet years (>20% above normal) and one 
exceptionally dry year (42% of normal) (Figure 1). Fallow accumulation, fallow efficiency, and 
profile available water at wheat planting were greater with WF than all other wheat rotations 
(Table 1). The fallow efficiencies of the 3- and 4-yr NT rotations were only 54–68% of WF 
under RT. With more water available, crop water use was also greater with WF than with wheat 
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in other rotations. There were no differences in available water at wheat planting or crop water 
use among the 3- and 4-yr rotations. 
Fallow accumulation prior to corn planting and profile available soil water at planting was 
greater following wheat (WCF or WCSF) than following grain sorghum (WSCF) (Table 1). 
However, the fallow period following wheat was longer, resulting in low fallow efficiencies 
(~18%) following wheat and only 22% following sorghum. Similar to wheat, corn water use 
was greater with greater available soil water at planting. Grain sorghum responded similarly to 
corn, with greater fallow accumulation and soil water at planting (and greater crop water use) 
when following wheat than following corn or sorghum. Again, fallow efficiencies prior to grain 
sorghum were low (16–22%). 
Wheat yields were greatly above normal in 2019 with yields exceeding 100 bu/a in the 3-yr 
rotations (Figure 2). The effect of cropping systems was not consistent across years, with WF 
sometimes in the highest yielding group and sometimes in the lowest yielding group. Averaged 
across the 12 years, cropping system had little effect (5 bu/a or less) on wheat yields.
Grain sorghum yields were very good in 2019 with yields greater than 100 bu/a when following 
wheat (Figure 3). Sorghum following corn produced 36 bu/a less yield than following wheat, 
and continuous sorghum yields were 14 bu/a greater than following corn. Average grain sor-
ghum yields following wheat were approximately 50% greater than following corn or sorghum. 
Similar to grain sorghum, corn yields were very good in 2019 (Figure 4) with all rotations yield-
ing 90 bu/a or more. Corn yields following wheat in either the 3- or 4-yr rotations were always 
greater than corn yields following grain sorghum, except in 2015 where corn yields following 
sorghum (wsCf) were greater than wCf. On average, corn yields following wheat were about 
45% greater than following grain sorghum. 
When examining grain yields across crops, the greatest yields were produced by grain sorghum 
following wheat (either wSf or wScf) of >85 bu/a (Figure 5). These yields were about 45% 
greater than corn following wheat (wCf or wCsf). Sorghum yields following wheat were about 
50% greater than sorghum following corn or sorghum (wcSf or SS), while corn yields following 
wheat (wCf or wCsf) were about 45% greater than following sorghum.
Acknowledgments
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Table 1. Fallow accumulation, fallow efficiency, profile (8 ft) available soil water at 
planting, and crop water use by wheat, corn, and grain sorghum in several crop rota-










inch % -------------- inch --------------
Wheat Wf1 6.82 a 28 a 9.88 a 18.55 a
Wsf 3.12 bc 19 b 6.54 b 14.68 b
Wcf 2.67 c 15 c 6.48 b 14.69 b
Wscf 3.30 b 19 b 7.02 b 15.03 b
Wcsf 3.20 b 18 b 6.51 b 14.71 b
LSD0.05 0.49 2 0.58 0.51 
Corn wCf 2.65 a 18 b 6.14 a 14.09 a
wCsf 2.60 a 18 b 6.08 a 14.05 a
wsCf 1.62 b 22 a 5.18 b 13.19 b
LSD0.05 0.33 3 0.53 0.34
Grain sorghum wSf 2.57 b 16 c 6.13 b 13.54 b
wScf 3.11 a 19 b 6.68 a 13.91 a
wcSf 1.55 d 16 c 5.36 c 12.92 c
SS 2.06 c 22 a 5.51 c 12.99 c
LSD0.05 0.34 3 0.53 0.33
1Wheat-fallow rotation is reduced-tillage; all other rotations are no-tillage. Means within a column with the same 
letter for the same crop are not statistically different at P = 0.05. The capital letter in the rotation denotes the crop 
phase of the rotation.
2Available soil water (ASW) in an 8 ft profile at planting.













































Figure 2. Wheat yields by cropping system, 2008–2019. Last set of columns are treatment 
means. Wheat-fallow (WF), wheat-sorghum-fallow (WSF), wheat-corn-fallow (WCF), 



























Figure 3. Grain sorghum yields by cropping system, 2008–2019. Last set of columns are 
treatment means. Wheat-sorghum-fallow (WSF), wheat-sorghum-corn-fallow (WSCF), 























Figure 4. Corn yields by cropping system, 2008–2019. Last set of columns are treatment 






























Figure 5. Average grain yields by cropping system, 2008–2019. Wheat-fallow (WF), 
wheat-sorghum-fallow (WSF), wheat-corn-fallow (WCF), wheat-sorghum-corn-fallow 
(WSCF), wheat-corn-sorghum-fallow (WCSF), and continuous grain sorghum (SS).
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Tillage Intensity in a Long-Term Wheat-
Sorghum-Fallow Rotation
A. Schlegel and A. Burnett
Summary
This study was initiated in 1991 at the Kansas State University Southwest Research-Ex-
tension Center near Tribune, KS. The purpose of the study was to identify the effects 
of tillage intensity on precipitation capture, soil water storage, and grain yield in a 
wheat-sorghum-fallow rotation. Grain yields of wheat and grain sorghum increased 
with decreased tillage intensity in a wheat-sorghum-fallow (WSF) rotation. In 2019, 
available soil water at sorghum planting was greater for no-tillage (NT) than reduced 
tillage (RT) which was greater than conventional tillage (CT). For wheat there was 
a similar pattern as sorghum, with available soil water at wheat planting being in the 
order of NT>RT>CT. Averaged across the 19-yr study, available soil water at wheat 
planting was similar for NT and RT and approximately 1 inch greater than CT. Av-
erage available soil water at sorghum planting was greater in the order RT≥NT>CT. 
Averaged across the past 19 years, NT wheat yields were 5 bu/a greater than RT and 
9 bu/a greater than CT. Grain sorghum yields in 2019 were 50% greater in long-term 
NT compared to short-term NT with the lowest yields with CT. Averaged across the 
past 19 years, sorghum yields with long-term NT have been 58% greater than with 
short-term NT (79 vs. 50 bu/a). 
Experimental Procedures
Research on different tillage intensities in a WSF rotation at the Tribune, KS, unit 
of the Southwest Research-Extension Center was initiated in 1991. The three tillage 
intensities in this study are conventional (CT), reduced (RT), and no-tillage (NT). The 
CT system was tilled as needed to control weed growth during the fallow period. On 
average, this resulted in 4 to 5 tillage operations per year, usually with a blade plow or 
field cultivator. The RT system originally used a combination of herbicides (1 to 2 spray 
operations) and tillage (2 to 3 tillage operations) to control weed growth during the 
fallow period; however, in 2001, the RT system was changed to using NT from wheat 
harvest through sorghum planting (short-term NT) and CT from sorghum harvest 
through wheat planting. The NT system exclusively used herbicides to control weed 




The amount of available water in the soil profile (0–8 ft) at wheat planting varied 
greatly from year to year (Figure 1). In 2019, available soil water at wheat planting was 
greater with NT than RT and least with CT. Averaged across the 19-yr study, available 
soil water at wheat planting was similar for RT and NT (~ 8 inches) and approximately 
1 inch greater than CT. Similar to wheat, the amount of available water in the soil pro-
file at sorghum planting varied greatly from year to year (Figure 2). In 2019, available 
soil water at sorghum planting was greater with NT than RT and least with CT. On 
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average, available soil water at sorghum planting was similar for NT and RT and about 
1.5 inches greater than CT. 
Grain Yields
Wheat yields in 2019 were much greater than the long-term average (Table 1). Since 
2001, wheat yields have been depressed in 11 of 19 years, primarily because of lack of 
precipitation, winterkill (2015), and disease (2017). Reduced tillage and NT increased 
wheat yields. On average, wheat yields were 9 bu/a higher for NT (30 bu/a) than CT 
(21 bu/a). Wheat yields for RT were 4 bu/a greater than CT even though both systems 
had tillage prior to wheat. Yields of NT were significantly less than CT or RT in only 1 
of the 19 years. 
Grain sorghum yields in 2019 were greater than the long-term average for NT and RT 
but not for CT (Table 2). Sorghum yields were 50% greater with NT than RT (127 vs. 
85 bu/a) while CT yields were the least (23 bu/a). The yield benefit from reducing till-
age is greater for grain sorghum than wheat. Grain sorghum yields for RT averaged 20 
bu/a more than CT, whereas NT averaged 29 bu/a more than RT. For sorghum, both 
RT and NT used herbicides for weed control during fallow, so the difference in yield 
could be attributed to short-term compared with long-term NT. This yield benefit with 
long-term vs. short-term NT has been observed in most years since the RT system was 
changed in 2001. Averaged across the past 19 years, sorghum yields with long-term NT 
have been 58% greater than with short-term NT (79 vs. 50 bu/a).  
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Table 1. Wheat response to tillage in a wheat-sorghum-fallow rotation, Tribune, KS, 2001–2019
Tillage ANOVA (P > F)




2001 17 40 31 8 0.002
2002 0 0 0 - - - - - -
2003 22 15 30 7 0.007
2004 1 2 4 2 0.001
2005 32 32 39 12 0.360
2006 0 2 16 6 0.001
2007 26 36 51 15 0.017
2008 21 19 9 14 0.142
2009 8 10 22 9 0.018
2010 29 35 50 8 0.002
2011 22 20 20 7 0.649
2012 0 1 5 1 0.001
2013 0 0 0 - - - - - -
2014 10 11 18 12 0.336
2015 10 9 9 9 0.966
2016 72 85 82 18 0.239
2017 13 12 12 9 0.970
2018 46 48 64 4 0.001
2019 78 98 109 14 0.004
Mean 21 c 25 b 30 a 2 0.001 0.001 0.001
ANOVA = analysis of variance.
LSD = least significant difference.
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Table 2. Grain sorghum response to tillage in a wheat-sorghum-fallow rotation, Tribune, KS, 
2001–2019
Tillage ANOVA (P > F)




2001 6 43 64 7 0.001
2002 0 0 0 --- ---
2003 7 7 37 8 0.001
2004 44 67 118 14 0.001
2005 28 38 61 35 0.130
2006 4 3 29 10 0.001
2007 26 43 62 42 0.196
2008 16 25 40 20 0.071
2009 19 5 72 31 0.004
2010 10 26 84 9 0.001
2011 37 78 113 10 0.001
2012 0 0 0 --- ---
2013 37 51 78 32 0.053
2014 38 72 94 28 0.008
2015 56 60 102 55 0.153
2016 55 124 139 47 0.010
2017 121 163 159 33 0.038
2018 35 57 116 33 0.003
2019 23 85 127 7 0.001
Mean 30 c 50 b 79 a 5 0.001 0.001 0.001 
ANOVA = analysis of variance.

































































Figure 1. Available soil water in 8-ft profile at planting of wheat in a wheat-sorghum-fal-
low rotation as affected by tillage intensity, Tribune, KS, 2001–2019. The last set of 

































































Figure 2. Available soil water in 8-ft profile at planting of grain sorghum in a wheat-sor-
ghum-fallow rotation as affected by tillage intensity, Tribune, KS, 2001–2019. The last set 
of bars (Mean) is the average across years. CT = conventional tillage, RT = reduced tillage, 
NT = no-tillage.
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Alternative Cropping Systems with Limited 
Irrigation
A. Schlegel and D. Bond
Summary
A limited irrigation study involving four cropping systems and evaluating four crop 
rotations was initiated in 2012 at the Southwest Research-Extension Center near Tri-
bune, KS. The cropping systems were two annual systems (continuous corn [C-C] and 
continuous grain sorghum [GS-GS]) and two 2-year systems (corn-grain sorghum [C-
GS] and corn-winter wheat [C-W]). In 2019, corn yields were similar for all rotations, 
although averaged across the past 7 years, corn yields were greater following wheat than 
following corn. There were no significant differences in grain sorghum yields in 2019, 
which was similar to the multi-year average. Wheat yields were greater than the multi-
year average. 
Experimental Procedures
A crop rotation study under sprinkler irrigation at the Kansas State University South-
west Research-Extension Center near Tribune, KS, was initiated in the spring of 2012. 
The study evaluates four different crop rotations with a limited irrigation allocation. 
The rotations include 1- and 2-year rotations. The crop rotations are 1) continuous 
corn; 2) corn-winter wheat; 3) corn-grain sorghum; and 4) continuous grain sorghum 
(a total of 6 treatments). All rotations are limited to 10 inches of irrigation water 
annually. All crops are grown no-till, while other cultural practices (hybrid selection, 
fertility practices, weed control, etc.) are selected to optimize production. All phases of 
each rotation are present each year and replicated four times. Irrigations are scheduled 
to supply water at the most critical stress periods for the specific crops and limited to 
1.5 inches per week. Soil water is measured at planting, during the growing season, and 
at harvest in 1-ft increments to a depth of 8 ft. Grain yields are determined by machine 
harvest. Nitrogen fertilizer (UAN) was surface-applied (stream) in March to all crops 
(240 lb N/a for corn, 160 lb N/a for sorghum, and 120 lb N/a for wheat). Corn was 
planted on April 29, 2019, and harvested on September 26, 2019. Grain sorghum was 
planted on June 7, 2019, and harvested on October 19, 2019. Wheat was planted on 
September 27, 2018, and harvested on June 28, 2019.
Results and Discussion
Wheat yields in 2019 (74 bu/a) were greater than the long-term average (53 bu/a) 
(Tables 1 and 2). Precipitation was near normal from April through September 
(12.49 inches in 2019 vs. normal of 12.93 inches). Corn yields in 2019 were slightly 
greater than the long-term average with no differences among rotations. Grain sorghum 
yields were slightly below the long-term average with no differences among rotations. 
On average, corn yields are greatest following wheat and least following corn, with little 
differences in grain sorghum yields following corn or sorghum (Table 2). 
Available soil water at corn and sorghum planting and harvest was similar for all ro-
tations in 2019 (Table 3). Precipitation delayed sorghum harvest in 2018 resulting 
22
in greater available soil water at sorghum harvest, causing less fallow accumulation 
following sorghum than corn. Averaged across the 7-year period, fallow accumulation 
prior to corn was greater following wheat than following sorghum or corn; however, 
fallow efficiency was greatest following sorghum (shortest fallow period). There were 
no differences in fallow accumulation or efficiency for grain sorghum following corn or 
sorghum. There were no differences in crop water use due to rotation for either crop.
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Table 1. Grain yield of three crops under limited irrigation as affected by rotation in 
2019
Rotation Corn Wheat Sorghum
---------------------------------------- bu/a ----------------------------------------
Continuous corn 185 --- ---
Corn-wheat 226 74 ---
Corn-sorghum 191 --- 125
Continuous sorghum --- --- 130
LSD 0.05 40 --- 22
ANOVA (P > F)
System 0.088 --- 0.571
LSD = least significant difference.
ANOVA = analysis of variance.
Table 2. Grain yields of three crops under limited irrigation as affected by rotation 
across years 2013–2019
Rotation Corn Wheat Sorghum
---------------------------------------- bu/a ----------------------------------------
Continuous corn 176 b --- ---
Corn-wheat 201 a 53 ---
Corn-sorghum 188 ab --- 137
Continuous sorghum --- --- 135
LSD 0.05 17 --- 7
ANOVA (P > F)
System 0.037 --- 0.320
LSD = least significant difference.
ANOVA = analysis of variance.
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Table 3. Profile available soil water, crop water use, and fallow accumulation for crop rotations 











----------------------------------  inches ---------------------------------- %
Corn C-C 10.90 b 15.02 11.06 26.30 4.13 a 41 a
C-W 11.54 b 14.31 9.15 27.49 2.77 b 17 b
C-GS 13.46 a 13.56 9.15 26.74 0.10 c 2 c
LSD 0.05 1.87 1.79 2.60 1.26 1.05 8
ANOVA (P > F)
System 0.036 0.217 0.199 0.145 0.001 0.001
Wheat C-W 11.53 11.53 8.05 21.99 --- ---
ANOVA (P > F)
System --- --- --- --- --- ---
Sorghum C-GS 10.73 15.78 12.24 21.42 5.04 34 a
GS-GS 13.35 15.17 11.24 21.80 1.82 18 b
LSD 0.05 3.63 2.46 3.22 0.79 1.76 12
ANOVA (P > F)
System 0.106 0.488 0.397 0.218 0.100 0.020
Note: All crops received ~10 inches of irrigation.
In-season rainfall for corn (4/29/2019 - 9/25/2019) = 12.35 inches; sorghum (6/10/2019 – 10/16/2019) = 8.03 inches; and 
wheat (9/19/2018 - 7/10/2019) = 16.89.
C = corn.
W = wheat.
GS = grain sorghum.
LSD = least significant difference.
ANOVA = analysis of variance.
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Table 4. Profile available soil water, crop water use, and fallow accumulation for crop rotations 











-------------------------------- inches -------------------------------- %
Corn C-C 11.74 14.08 a 12.06 a 26.36 2.34 b 24 b
C-W 11.23 14.08 a 11.83 a 26.59 2.85 a 19 b
C-GS 10.88 12.58 b 10.53 b 26.39 1.70 c 33 a
LSD(0.05) 0.84 0.64 0.79 0.63 0.44 6
ANOVA (P > F)
System 0.128 0.001 0.001 0.732 0.001 0.001
Year 0.001 0.001 0.001 0.001 0.001 0.001
System × year 0.001 0.001 0.001 0.004 0.002 0.001
Wheat C-W 11.82 11.82 10.95 19.95 --- ---
ANOVA (P > F)
System --- --- --- --- --- ---
Year 0.001 0.001 0.001 0.001 --- ---
System × year --- --- --- --- --- ---
Sorghum C-GS 10.19 13.62 11.82 23.45 3.43 a 29
GS-GS 10.63 13.26 11.49 23.42 2.62 b 29
LSD(0.05) 0.80 0.65 0.69 0.38 0.47 6
ANOVA (P > F)
System 0.272 0.266 0.333 0.880 0.001 0.923
Year 0.001 0.001 0.001 0.001 0.001 0.001
System × year 0.001 0.001 0.004 0.404 0.077 0.001
Note: All crops received ~10 inches of irrigation each year.
C = corn.
W = wheat.
GS = grain sorghum.
LSD = least significant difference.
ANOVA = analysis of variance.
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Occasional Tillage in a Wheat-Sorghum-
Fallow Rotation
A. Schlegel and J. Holman
Summary
Beginning in 2012, research was conducted in Garden City and Tribune, KS, to deter-
mine the effect of a single tillage operation every 3 years on grain yields in a wheat-sor-
ghum-fallow (WSF) rotation. Grain yields of wheat and grain sorghum were generally 
not affected by a single tillage operation every 3 years in a WSF rotation. Grain yield 
varied greatly by year from 2014 to 2019. Wheat yields ranged across years from mid-
20s to 90 bu/a at Tribune and less than 10 to near 100 bu/a at Garden City. Grain 
sorghum yields ranged from 40 to greater than 140 bu/a, depending upon year and 
location. In 2019, wheat yields at Garden City were less when tillage was implement-
ed post-wheat in 2016. There were no other years or locations were grain yields were 
significantly affected by a single tillage operation. However, at Tribune, when averaged 
across the 6-year period, a single tillage after wheat harvest reduced grain sorghum 
yields compared to a complete no-till (NT) system. At Garden City, averaged across 
the 6-year period, wheat yields were greatest following a one-time tillage prior to wheat. 
This indicates that if a single tillage operation is needed to control troublesome weeds, 
tillage during fallow prior to wheat planting may be better than tillage after wheat har-
vest. Furthermore, if herbicide-resistant weed populations were high enough to cause 
yield reductions, then tillage might improve yields. 
Introduction
Previous research has shown lower dryland wheat and grain sorghum yields with re-
duced tillage compared with NT in a wheat-sorghum-fallow (WSF) rotation (Schlegel 
et al., 2018). The reduced tillage systems generally used four or more tillage operations 
in the 3-year rotation. With increased incidence of herbicide-resistant weeds, the use of 
a complete NT system may not be economical and tillage may be needed for effective 
control. The objective of this research project is to determine the effect of a single tillage 
operation every 3 years on grain yields in a WSF rotation.
Procedures
Research on occasional tillage intensities in a predominantly no-tillage WSF rotation at 
the Kansas State University Southwest Research-Extension Center research stations at 
Garden City and Tribune, KS, was initiated in 2012. The three tillage treatments in this 
study are a single tillage in May or June during fallow, a single tillage after wheat harvest, 
and a complete NT system. A sweep plow (Minimizer by Premier Tillage) was used 
for all tillage operations. When needed, herbicides were used to control weeds during 
fallow for all treatments. All treatments used herbicides for in-crop weed control. All 




Weeds were effectively controlled in all treatments and there were no visual differences 
in weed population across treatments. 
At Tribune, wheat yields were much greater in 2019 (89 to 93 bu/a) compared with 
49 to 51 bu/a for the 6-year average (Table 1). There were no significant yield differenc-
es among tillage treatments in any year or across years. Grain sorghum yields were very 
good in 2019 ranging from 129 to 132 bu/a (Table 2). Similar to wheat, there were no 
significant yield differences among tillage treatments in any year. However, averaged 
across years, no-till produced greater yields than tillage post-wheat harvest. 
At Garden City, wheat yields in 2018 were very low at 2 to 7 bu/a (Table 3). Between 
November 1, 2017, and April 1, 2018, 0.4 inches of precipitation was received, com-
pared to the long-term period average of 3.46 inches. Wheat yields in 2014 were se-
verely reduced by hail. Wheat yield in 2019 was much greater (83 to 100 bu/a) com-
pared with the 40 to 44 bu/a 6-year average (Table 1). Across the 6 years, wheat yields 
averaged greater with a single tillage ahead of wheat planting. At this location, winter 
triticale forage yields have been more with a single tillage compared to NT due to more 
plant available water at wheat planting with a single tillage (Holman et al., 2020). In 
2019 wheat yields at Garden City were less when tillage was implemented post-wheat 
in 2016. It is possible the lower wheat yield in 2019 was a result of lower average grain 
sorghum yield in the post-wheat tillage treatment in 2017. However, grain sorghum 
yield was not affected by treatment in any year or across years. Grain sorghum yields in 
2018 were good, with all yields near 90 bu/a or greater (Table 4). Grain sorghum yields 
were lower in 2019 averaging 40 bu/a. Across years, there were no differences in grain 
sorghum yields averaging 70 bu/a.
In other research (Schlegel et al., 2018), reduced tillage systems (with four tillage op-
erations) produced lower yields than a complete no-tillage system in a WSF rotation. 
However, in this study, a single tillage operation during fallow prior to wheat planting 
in a 3-year WSF rotation generally had little effect on wheat or grain sorghum yields 
from 2014 to 2019 at Garden City or Tribune, KS. 
There is a tendency for wheat yields at Garden City and grain sorghum yields at Tri-
bune to be less following a single tillage post-wheat compared to no-till or single tillage 
prior to wheat. These results suggest if a single tillage is needed for weed control the best 
timing may be prior to wheat during the fallow year. 
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Table 1. Grain yield response of dryland wheat to a single tillage operation (sweep plow) 
in a 3 year wheat-sorghum-fallow rotation grown from 2014 to 2019 near Tribune, KS
Year
Tillage 2014 2015 2016 2017 2018 2019 Average
-------------------------------------------- bu/a --------------------------------------------
No-tillage 28 24 75 30 57 93 51
June in fallow 22 22 81 25 58 89 50
July post-harvest 23 21 77 27 57 89 49
ANOVA (P > F)
Treatment 0.427 0.599 0.174 0.477 0.857 0.202 0.204
Year --- --- --- --- --- --- 0.001
Year × treatment --- --- --- --- --- --- 0.453
ANOVA = analysis of variance.
Table 2. Grain yield response of dryland grain sorghum to a single tillage operation 
(sweep plow) in a 3-year wheat-sorghum-fallow rotation grown from 2014 to 2019 near 
Tribune, KS
Year
Tillage 2014 2015 2016 2017 2018 2019 Average
-------------------------------------------- bu/a --------------------------------------------
No-tillage 77 133 129 147 130 132 125
June in fallow 84 114 129 145 123 129 121
July post-harvest 86 108 126 141 115 131 118
ANOVA (P > F)
Treatment 0.573 0.104 0.280 0.567 0.065 0.779 0.045
Year --- --- --- --- --- --- 0.001
Year × treatment --- --- --- --- --- --- 0.099
ANOVA = analysis of variance.
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Table 3. Grain yield response of dryland wheat to a single tillage operation (sweep plow) 
in a 3-year wheat-sorghum-fallow rotation grown from 2014 to 2018 near Garden City, KS
Year
Tillage 2014 2015 2016 2017 2018 2019 Average
-------------------------------------------- bu/a --------------------------------------------
No-tillage 8 34 55 20 4 90ab 40
June in fallow 6 35 60 19 3 100a 44
July post-harvest 9 30 56 23 7 83b 40
ANOVA (P > F)
Treatment 0.601 0.363 0.369 0.420 0.199 0.029 0.117
Year --- --- --- --- --- --- <0.0001
Year × treatment --- --- --- --- --- --- 0.061
ANOVA = analysis of variance.
Table 4. Grain yield response of dryland grain sorghum to a single tillage operation 
(sweep plow) in a 3-year wheat-sorghum-fallow rotation grown from 2014 to 2018 near 
Garden City, KS
Year
Tillage 2014 2015 2016 2017 2018 2019 Average
-------------------------------------------- bu/a --------------------------------------------
No-tillage 58 63 116 51 98 41 71
June in fallow 57 62 121 46 88 41 69
July post-harvest 47 73 118 44 93 40 69
ANOVA (P>F)
Treatment 0.110 0.464 0.642 0.579 0.572 0.946 0.913
Year - - - - - - - - - - - - <0.0001
Year × treatment - - - - - - - - - - - - 0.986
ANOVA = analysis of variance.
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Wheat Stubble Height on Subsequent Corn 
and Grain Sorghum Crops
A. Schlegel, A. Burnett, and L. Haag
Summary
A field study initiated in 2006 at the Southwest Research-Extension Center near 
Tribune, KS, was designed to evaluate the effects of three wheat stubble heights on 
subsequent grain yields of corn and grain sorghum. Corn and sorghum yields in 2019 
were greater than the long-term average. When averaged from 2007 through 2019, corn 
grain yields were 8–9 bu/a greater when planted into either high or strip-cut stubble 
than into low-cut stubble. Average grain sorghum yields were 5 bu/a greater in high-
cut stubble than low-cut stubble. Similarly, water use efficiency was greater for high or 
strip-cut stubble for corn and greater for high-cut stubble for grain sorghum than for 
low-cut stubble. Harvesting wheat shorter than necessary causes a yield penalty for the 
subsequent row crops, especially dryland corn.
Introduction
Seeding of summer row crops throughout the west-central Great Plains often occurs 
following wheat in a 3-year rotation (wheat-summer crop-fallow). Wheat residue 
provides numerous benefits, including evaporation suppression, delayed weed growth, 
improved capture of winter snowfall, and soil erosion reductions. Stubble height affects 
wind velocity profile, surface radiation interception, and surface temperatures, all of 
which affect evaporation suppression and winter snow catch. Taller wheat stubble is 
also beneficial to pheasants in postharvest and overwinter fallow periods. Using stripper 
headers increases harvest capacity and provides taller wheat stubble than previously 
attainable with conventional small-grains platforms. Increasing wheat cutting heights 
or using a stripper header should further improve the effectiveness of standing wheat 
stubble. The purpose of this study is to evaluate the effect of wheat stubble height on 
subsequent summer row crop yields.
Experimental Procedures
This study was conducted at the Southwest Research-Extension Center dryland station 
near Tribune, KS. From 2007 through 2019, corn and grain sorghum were planted into 
standing wheat stubble of three heights. Optimal (high) cutter-bar height is the height 
necessary to maximize both grain harvested and standing stubble remaining (typically 
around two-thirds of total plant height), the short cut treatment was half of optimal 
cutter-bar height, and the third treatment was stubble remaining after stripper header 
harvest. For 2019, these heights were 16, 8, and 24 in. (cut after 2018 wheat harvest). 
In 2019, corn and grain sorghum were seeded at rates of 15,000 seeds/a and 45,000 
seeds/a, respectively. Nitrogen was applied to all plots at a rate of 100 lb/a. Starter 
fertilizer (10-34-0 nitrogen-phosphorus-potassium (N-P-K)) was surface-dribbled off-
row at a rate of 7 gal/a. Plots were 40 × 60 ft, with treatments arranged in a randomized 
complete block design with six replications. Two rows from the center of each plot were 
harvested with a plot combine for yield and yield component analysis. Soil water mea-
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surements were obtained with neutron attenuation to a depth of 6 ft in 1-ft increments 
at seeding and harvest to determine water use and water use efficiency. 
Results and Discussion
The 2019 growing season was generally normal or slightly above in precipitation 
(19.59 inch in 2019 vs. normal of 17.90 inch) and below normal in open pan evapora-
tion (63.72 inch vs. normal of 71.40 inch). This produced above average yields for both 
corn and sorghum (Tables 1–4). With the good growing conditions, stubble height 
had little effect on corn yield or other parameters. When averaged across years 2007 to 
2019, corn yields were 8–9 bu/a greater in high or strip-cut than low-cut wheat stubble 
(Table 2). Biomass production and water use efficiency were also greater with the taller 
stubble.
Grain sorghum yields in 2019 were not affected by stubble height (Table 3). When 
averaged across years from 2007 through 2019, the highest yields were obtained in the 
high-cut stubble and the lowest yields in the low-cut stubble (Table 4). None of the 
other measured parameters for grain sorghum were affected by wheat stubble height 
except for greater water use efficiency in high-cut vs. low-cut stubble.
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bu/a ----------- 103/a ----------- --------- lb/a --------- oz no./ear lb/in.
Low 120 13.7 14.7 14996 9337 10.94 666 387
High 123 14.0 15.1 14688 8862 11.02 663 400
Strip 121 13.2 14.9 17134 11385 11.03 663 398
LSD0.05 9 0.8 0.8 2272 2346 0.39 44 31
ANOVA (P > F)
Stubble height 0.712 0.127 0.586 0.074 0.082 0.871 0.985 0.612 
1Water use efficiency (lb of grain/inch of water use).
LSD = least significant difference.
ANOVA = analysis of variance.








bu/a ----------- 103/a ----------- --------- lb/a --------- oz no./ear lb/in.
Low 86 b 13.9 13.9 10367 b 6313 b 11.05 527 313 b
High 94 a 13.9 14.2 11160 a   6692 ab 11.35 520 345 a
Strip 95 a 13.9 14.3 11536 a 7056 a 11.27 545 346 a
LSD 0.05 4   0.4   0.5   561   500   0.25   66 17
ANOVA (P > F)
Year 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Stubble height 0.001 0.987 0.208 0.001 0.015 0.051 0.735 0.001
Year × stubble height 0.992 0.993 0.988 0.271 0.065 0.882 0.964 0.960
1Water use efficiency (lb of grain/inch of water use).
LSD = least significant difference.
ANOVA = analysis of variance.
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bu/a 103/a ---------- lb/a ---------- oz no./head lb/in.
Low 123 63.5 12200 6194 0.86 2029 429
High 129 67.9 12859 6561 0.85 1999 450
Strip 125 65.5 13138 7003 0.86 1994 451
LSD 0.05 5 3.6 953 809 0.03 108 23
ANOVA (P > F)
Stubble height 0.107 0.063 0.129 0.133 0.830 0.741 0.099
1Water use efficiency (lb of grain/inch of water use).
LSD = least significant difference.
ANOVA = analysis of variance.







bu/a 103/a ---------- lb/a ---------- oz no./head lb/in.
Low 105 b 56.5 b 11242 6133 0.89 1898 401 b
High 110 a 58.6 a 11779 6417 0.90 1948 427 a
Strip 107 ab 57.8 ab 11350 6108 0.88 1888 415 ab
LSD 0.05 4 2.0 477 428 0.02 94 17
ANOVA (P > F)
Year 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Stubble height 0.024 0.131 0.066 0.288 0.140 0.395 0.009
Year × stubble height 0.998 0.930 0.981 0.860 0.738 0.015 0.972
1Water use efficiency (lb of grain/inch of water use). 
22015 values not included in average - no samples collected.
LSD = least significant difference.
ANOVA = analysis of variance.
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Long-Term Nitrogen and Phosphorus 
Fertilization of Irrigated Corn
A. Schlegel and H.D. Bond
Summary
Long-term research shows that phosphorus (P) and nitrogen (N) fertilizer must be 
applied to optimize production of irrigated corn in western Kansas. In 2019, N applied 
alone increased yields by 71 bu/a, whereas P applied alone increased yields 10 bu/a. 
Nitrogen and P applied together increased yields up to 131 bu/a, which is 10 bu/a less 
than the 10-year average of 141 bu/a. Application of 120 lb N/a (with highest P rate) 
produced 97% of maximum yield in 2019, which is slightly greater than the 10-year av-
erage. Application of 80 instead of 40 lb P2O5/a increased average yields 4 bu/a. Average 
grain N content reached a maximum of 0.6 lb/bu while grain P content reached a max-
imum of 0.15 lb/bu (0.34 lb P2O5/bu). At the highest N and P rate, apparent fertilizer 
nitrogen recovery in the grain (AFNRg) was 41% and apparent fertilizer phosphorus 
recovery in the grain (AFPRg) was 60%.  
Introduction
This study was initiated in 1961 to determine responses of continuous corn and grain 
sorghum grown under flood irrigation to N, P, and potassium (K) fertilization. The 
study is conducted on a Ulysses silt loam soil with an inherently high K content. No 
yield benefit to corn from K fertilization was observed in 30 years, and soil K levels 
remained high, so the K treatment was discontinued in 1992 and replaced with a higher 
P rate. 
Procedures
This field study is conducted at the Tribune Unit of the Kansas State University South-
west Research-Extension Center. Fertilizer treatments initiated in 1961 are N rates 
of 0, 40, 80, 120, 160, and 200 lb/a without P and K; with 40 lb/a P2O5 and zero K; 
and with 40 lb/a P2O5 and 40 lb/a K2O. The treatments were changed in 1992; the K 
variable was replaced by a higher rate of P (80 lb/a P2O5). All fertilizers were broad-
cast by hand in the spring and incorporated before planting. The soil is a Ulysses silt 
loam. The corn hybrids [Pioneer 1173H (2010), Pioneer 1151XR (2011), Pioneer 
0832 (2012–2013), Pioneer 1186AM (2014), Pioneer 35F48 AM1 (2015), Pioneer 
1197 (2016), Pioneer 0801 (2017–2018), and Pioneer 0339 (2019)] were planted at 
about 32,000 seeds/a in late April or early May. Hail damaged the 2010, 2015, 2017, 
and 2019  crops. The corn is irrigated to minimize water stress. Sprinkler irrigation has 
been used since 2001. The center two rows of each plot are machine harvested after 
physiological maturity. Grain yields are adjusted to 15.5% moisture. Grain samples were 
collected at harvest, dried, ground, and analyzed for N and P concentrations. Grain N 
and P content (lb/bu) and removal (lb/a) were calculated. Apparent fertilizer N recov-
ery in the grain (AFNRg) was calculated as N uptake in treatments receiving N fertilizer 
minus N uptake in the unfertilized control divided by N rate. The same approach was 
used to calculate apparent fertilizer P recovery in the grain (AFPRg). Grasshoppers were 
treated by aerial application of insecticide.
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Results
Corn yields in 2019 were only 2% higher than the 10-year average (Table 1). Nitrogen 
alone increased yields 71 bu/a, whereas P alone increased yields 7–10 bu/a. However, 
N and P applied together increased corn yields up to 131 bu/a. Maximum yield was 
obtained with 200 lb/a N with 80 lb/a P2O5. Corn yields in 2019 (averaged across all N 
rates) were 4 bu/a greater with 80 than with 40 lb/a P2O5 applied.
The 10-year average grain N concentration (%) increased with N rates but tended to 
decrease when P was also applied, presumably because of higher grain yields diluting N 
content (Table 2). Grain N content reached a maximum of 0.6 lb/bu. Nitrogen re-
moval (lb/a) was greater at the higher yield levels. Maximum N removal (116 lb/a) was 
attained with 200 lb N and 80 lb P2O5/a. At the highest N and P rate, AFNRg was 41% 
and AFPRg was 60%. Similar to N, average P concentration increased with increased P 
rates but decreased with higher N rates. Grain P content (lb/bu) of about 0.15 lb P/bu 
(0.34 lb P2O5/bu) was greater at the highest P rate with low N rates. Grain P removal 
averaged 29 lb P/a at the highest yields.
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Table 1. Nitrogen (N) and phosphorus (P) fertilization on irrigated corn yields, Tribune, KS, 2010–2019
Fertilizer Yield
N P2O5 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean
------ lb/a ------ -------------------------------------------------------- bu/a --------------------------------------------------------
0 0 20 92 86 70 86 92 74 44 82 76 72
0 40 21 111 85 80 95 103 78 47 93 86 80
0 80 28 105 94 91 98 104 86 52 99 83 84
40 0 23 114 109 97 106 113 105 60 110 93 93
40 40 67 195 138 125 153 164 145 92 160 156 139
40 80 61 194 135 126 149 162 135 90 159 154 137
80 0 34 136 128 112 117 131 118 70 117 117 108
80 40 85 212 197 170 187 195 196 132 212 183 177
80 80 90 220 194 149 179 193 193 129 207 189 174
120 0 28 119 134 114 115 124 109 62 102 95 100
120 40 90 222 213 204 213 212 212 142 218 193 192
120 80 105 225 211 194 216 216 223 162 243 201 200
160 0 49 157 158 122 128 144 142 84 139 133 125
160 40 95 229 227 199 211 215 226 154 230 196 198
160 80 95 226 239 217 233 216 238 165 251 191 207
200 0 65 179 170 139 144 162 159 114 158 147 144
200 40 97 218 225 198 204 214 216 148 231 186 194
200 80 104 231 260 220 238 221 235 174 243 207 213
continued
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Table 1. Nitrogen (N) and phosphorus (P) fertilization on irrigated corn yields, Tribune, KS, 2010–2019
Fertilizer Yield
N P2O5 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean
------ lb/a ------ -------------------------------------------------------- bu/a --------------------------------------------------------
ANOVA (P>F)
Nitrogen 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Linear 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Quadratic 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Phosphorus 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Linear 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Quadratic 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
N × P 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
MEANS
Nitrogen, lb/a
0 23 e 103 d 88 f 80 e 93 e 100 e 79 e 48 e 91 d 82 d 79 e
40 50 d 167 c 127 e 116 d 136 d 146 d 129 d 81 d 143 c 135 c 123 d
80 70 c 189 b 173 d 143 c 161 c 173 c 169 c 110 c 179 b 163 b 153 c
120 74 bc 189 b 186 c 171 b 181 b 184 b 182 b 122 b 188 b 163 b 164 b
160 80 ab 204 a 208 b 179 ab 190 ab 192 ab 202 a 134 a 207 a 173 ab 177 a
200 89 a 209 a 218 a 186 a 196 a 199 a 203 a 145 a 211 a 180 a 184 a
LSD(0.05) 9 13 10 10 10   9 10 11 13 13  8
P2O5, lb/a
0 36 b 133 b 131 c 109 b 116 c 128 b 118 b   72 c 118 c 110 b 107 b
40 76 a 198 a 181 b 163 a 177 b 184 a 179 a 119 b 191 b 167 a 163 a
80 81 a 200 a 189 a 166 a 186 a 185 a 185 a 129 a 200 a 171 a 169 a
LSD(0.05) 7 9 7 7 7 6 7 8 9 9 6
*Note: Hail events on 7/23/2010, 5/28/2015, 8/18/2017, and 9/20/2019. 
LSD = least significant difference. ANOVA = analysis of variance.
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Table 2. Nitrogen (N) and phosphorus (P) fertilization on grain N and P content of irrigated corn, Tri-
bune, KS, 2010–2019
Fertilizer Grain Grain removal
N P2O5 N P N P N P *AFNRg *AFPRg
------ lb/a ------ -------- % ------- ----- lb/bu ----- ------ lb/a ------ ---------- % ----------
0 0 0.99 0.228 0.47 0.108 33 8 --- ---
0 40 0.94 0.306 0.45 0.145 35 12 --- 22
0 80 0.94 0.318 0.45 0.151 36 13 --- 14
40 0 1.17 0.183 0.55 0.087 51 8 44 ---
40 40 0.96 0.297 0.46 0.141 62 20 74 67
40 80 0.97 0.317 0.46 0.150 61 21 72 36
80 0 1.26 0.178 0.60 0.084 63 9 38 ---
80 40 1.04 0.249 0.49 0.118 86 21 66 72
80 80 1.01 0.305 0.48 0.145 82 25 62 49
120 0 1.28 0.172 0.60 0.081 60 8 23 ---
120 40 1.12 0.226 0.53 0.107 101 20 57 71
120 80 1.08 0.293 0.51 0.139 101 28 57 56
160 0 1.26 0.176 0.59 0.083 74 10 26 ---
160 40 1.16 0.241 0.55 0.114 108 22 47 83
160 80 1.14 0.275 0.54 0.130 111 27 49 53
200 0 1.22 0.189 0.58 0.090 82 13 25 ---
200 40 1.17 0.234 0.55 0.111 106 21 37 77
200 80 1.15 0.288 0.55 0.136 116 29 41 60
continued
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Table 2. Nitrogen (N) and phosphorus (P) fertilization on grain N and P content of irrigated corn, Tri-
bune, KS, 2010–2019
Fertilizer Grain Grain removal
N P2O5 N P N P N P *AFNRg *AFPRg
------ lb/a ------ -------- % ------- ----- lb/bu ----- ------ lb/a ------ ---------- % ----------
ANOVA (P>F)
Nitrogen 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Linear 0.001 0.001 0.001 0.001 0.001 0.001 --- 0.001
Quadratic 0.001 0.001 0.001 0.001 0.001 0.001 --- 0.001
Phosphorus 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Linear 0.001 0.001 0.001 0.001 0.001 0.001 0.001 ---
Quadratic 0.001 0.001 0.001 0.001 0.001 0.001 0.001 ---
N × P 0.001 0.001 0.001 0.001 0.001 0.001 0.022 0.090
MEANS
Nitrogen, lb/a
0 0.96 e 0.284 a 0.45 e 0.134 a 35 e 11 e --- 18 c
40 1.03 d 0.266 b 0.49 d 0.126 b 58 d 16 d 64 a 52 b
80 1.10 c 0.244 c 0.52 c 0.116 c 77 c 18 c 55 b 61 a
120 1.16 b 0.230 d 0.55 b 0.109 d 87 b 19 bc 45 c 63 a
160 1.19 a 0.231 d 0.56 a 0.109 d 98 a 20 ab 41 d 68 a
200 1.18 ab 0.237 cd 0.56 ab 0.112cd 101 a 21 a 34 e 68 a
LSD(0.05) 0.02 0.011 0.01 0.005 4 1 5 9
P2O5, lb/a
0 1.19 a 0.188 c 0.57 a 0.089 c 60 b 9 c 31 b ---
40 1.07 b 0.259 b 0.50 b 0.122 b 83 a 19 b 56 a 65 a
80 1.05 b 0.299 a 0.50 b 0.142 a 85 a 24 a 56 a 45 b
LSD(0.05) 0.02 0.008 0.01 0.004 3 1 4 5
*AFNRg = Apparent fertilizer N recovery (grain). AFPRg = Apparent fertilizer P recovery (grain). LSD = least significant difference. 
ANOVA = analysis of variance. 
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Long-Term Nitrogen, Phosphorus, and 
Potassium Fertilization of Irrigated Grain 
Sorghum
A. Schlegel and H.D. Bond
Summary
Long-term research shows that phosphorus (P) and nitrogen (N) fertilizer must be 
applied to optimize production of irrigated grain sorghum in western Kansas. In 2019, 
N applied alone increased yields 66 bu/a, whereas N and P applied together increased 
yields up to 85 bu/a. Averaged across the past 10 years, N and P fertilization increased 
sorghum yields up to 78 bu/a. Application of 160 lb/a N (with P) produced the max-
imum yield in 2019, which is slightly more than the 10-year average. Application of 
potassium (K) has had no effect on sorghum yield throughout the study period. Aver-
age grain N content reached a maximum of ~0.7 lb/bu while grain P content reached a 
maximum of 0.16 lb/bu (0.34 lb P2O5/bu) and grain K content reached a maximum of 
0.19 lb/bu (0.23 lb K2O/bu). At the highest N, P, and K rate, apparent fertilizer recov-
ery in the grain was 31% for N, 65% for P, and 38% for K. 
Introduction
This study was initiated in 1961 to determine responses of continuous grain sorghum 
grown under flood irrigation to N, P, and K fertilization. The study is conducted on 
a Ulysses silt loam soil with an inherently high K content. The irrigation system was 
changed from flood to sprinkler in 2001.
Procedures
This field study is conducted at the Tribune Unit of the Kansas State University South-
west Research-Extension Center. Fertilizer treatments initiated in 1961 are N rates of 
0, 40, 80, 120, 160, and 200 lb/a N without P and K; with 40 lb/a P2O5 and zero K; and 
with 40 lb/a P2O5 and 40 lb/a K2O. All fertilizers are broadcast by hand in the spring 
and incorporated before planting. The soil is a Ulysses silt loam. Grain sorghum (Pio-
neer 85G46 in 2010–2011, Pioneer 84G62 in 2012–2014, Pioneer 86G32 in 2015, 
Pioneer 84G62 in 2016–2017, and Pioneer 85P44 in 2018–2019) was planted in late 
May or early June. Irrigation is used to minimize water stress. Sprinkler irrigation has 
been used since 2001. The center two rows of each plot are machine harvested after 
physiological maturity. Grain yields are adjusted to 12.5% moisture. Grain samples were 
collected at harvest, dried, ground, and analyzed for N, P, and K concentrations. Grain 
N, P, and K content (lb/bu) and removal (lb/a) were calculated. Apparent fertilizer N 
recovery in the grain (AFNRg) was calculated as N uptake in treatments receiving N fer-
tilizer minus N uptake in the unfertilized control divided by N rate. The same approach 
was used to calculate apparent fertilizer P recovery in the grain (AFPRg) and apparent 
fertilizer K recovery (AFKRg). 
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Results
Grain sorghum yields in 2019 were 3% lower than the 10-year average (Table 1). Nitro-
gen alone increased yields 66 bu/a while P alone increased yields 6 bu/a. However, N 
and P applied together increased yields up to 85 bu/a. Averaged across the past 10 years, 
N and P applied together increased yields up to 78 bu/a. In 2019, 40 lb/a N (with P) 
produced about 74% of maximum yield, which is less than the 10-year average of 83%. 
The 10-year average for 80 lb/a N (with P) and 120 lb/a N (with P) was 93 and 94% of 
maximum yield, respectively. Sorghum yields were not affected by K fertilization, which 
has been the case throughout the study period. 
The 10-year average grain N concentration (%) increased with N rates but tended to 
decrease when P was also applied, presumably because of higher grain yields diluting N 
content (Table 2). Grain N content reached a maximum of ~0.7 lb/bu. Maximum N 
removal (lb/a) was obtained with 160 lb N/a or greater with P. Similar to N, average P 
concentration increased with P application but decreased with higher N rates. Grain 
P content (lb/bu) of ~0.15 lb P/bu (0.34 lb P2O5/bu) was similar for all N rates when 
P was applied. Grain P removal was similar for all N rates of 40 lb/a or greater with P 
removal ranging from 19 to 22 lb/a. Average K concentration (%) and content (lb/bu) 
tended to decrease with increased N rates. Similar to P, K removal was similar for all N 
rates of 40 lb/a or greater plus K ranging from 22 to 26 lb/a. At the highest N, P, and K 
rate, apparent fertilizer recovery in the grain was 31% for N, 65% for P, and 38% for K.
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Table 1. Nitrogen (N), phosphorus (P), and potassium (K) fertilizers on irrigated grain sorghum yields, Tribune, 
KS, 2010–2019
Fertilizer Yield
N P2O5 K2O 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean
------------ lb/a ------------ -------------------------------------------------------- bu/a --------------------------------------------------------
0 0 0 51 75 78 62 90 89 80 70 77 68 74
0 40 0 51 83 90 77 94 102 91 79 87 74 83
0 40 40 55 88 93 72 96 97 91 80 83 67 82
40 0 0 66 106 115 94 115 122 106 87 93 94 100
40 40 0 77 121 140 114 144 160 142 120 126 113 126
40 40 40 73 125 132 110 142 155 137 118 131 114 124
80 0 0 73 117 132 102 120 133 120 104 103 109 111
80 40 0 86 140 163 136 151 173 154 123 144 145 141
80 40 40 84 138 161 133 164 178 160 129 140 139 143
120 0 0 70 116 130 100 116 127 108 93 91 102 105
120 40 0 88 145 172 137 162 177 164 121 128 139 143
120 40 40 90 147 175 142 170 178 170 131 143 150 150
160 0 0 74 124 149 117 139 150 135 120 107 129 124
160 40 0 92 152 178 146 171 181 173 137 134 153 152
160 40 40 88 151 174 143 176 179 161 131 139 142 148
200 0 0 78 128 147 119 139 155 151 123 121 134 130
200 40 0 84 141 171 136 165 177 167 131 134 140 145
200 40 40 87 152 175 138 170 179 170 131 130 149 148
continued
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Table 1. Nitrogen (N), phosphorus (P), and potassium (K) fertilizers on irrigated grain sorghum yields, Tribune, 
KS, 2010–2019
Fertilizer Yield
N P2O5 K2O 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean
------------ lb/a ------------ -------------------------------------------------------- bu/a --------------------------------------------------------
ANOVA (P>F)
Nitrogen 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Linear 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Quadratic 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P-K 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Zero P vs. P 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P vs. P-K 0.892 0.278 0.826 0.644 0.117 0.806 0.943 0.727 0.549 0.789 0.726
N × P-K 0.229 0.542 0.186 0.079 0.012 0.002 0.001 0.084 0.003 0.001 0.001
MEANS
Nitrogen, lb/a
0 52 c 82 d 87 d 70 d 94 e 96 d 87 d 76 d 82 c 70 d 80 d
40 72 b 117 c 129 c 106 c 134 d 146 c 129 c 108 c 117 b 107 c 116 c
80 81 a 132 b 152 b 124 b 145 c 161 b 145 b 119 b 129 a 131 b 132 b
120 82 a 136 ab 159 ab 126 b 149 bc 161 b 147 b 115 bc 121 ab 130 b 133 b
160 84 a 142 a 167 a 135 a 162 a 170 a 156 a 129 a 127 a 142 a 142 a
200 83 a 141 a 165 a 131 ab 158 ab 170 a 163 a 129 a 128 a 141 a 141 a
LSD(0.05) 5 8 9 8 9 8 8 9 9 7 6
P2O5-K2O, lb/a
0 - 0 68 b 111 b 125 b 99 b 120 b 129 b 117 b 99 b 99 b 106 b 107 b
40 - 0 80 a 130 a 152 a 124 a 148 a 162 a 149 a 119 a 126 a 127 a 132 a
40 - 40 79 a 133 a 152 a 123 a 153 a 161 a 148 a 120 a 128 a 127 a 132 a
LSD(0.05) 4 6 6 5 6 5 6 6 6 5 4
**Note: Hail events on 7/23/2010, 5/28/2015, 8/18/2017, and 9/20/2019. 
LSD = least significant difference.
ANOVA = analysis of variance.
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Table 2. Nitrogen (N), phosphorus (P), and potassium (K) fertilizers on grain nutrient content and removal by irrigated grain sorghum, Tribune, KS, 
2010-2019
Fertilizer Grain Grain Removal
N P2O5 K2O N P K N P K N P K *AFNRg *AFPRg *AFKRg
------------ lb/a ------------ --------------- % --------------- ------------- lb/bu ------------- ------------ lb/a ------------ ----------------- % -----------------
0 0 0 1.04 0.251 0.354 0.51 0.123 0.173 37 9 13 --- --- ---
0 40 0 1.03 0.313 0.380 0.51 0.153 0.186 41 13 15 --- 21 ---
0 40 40 1.03 0.311 0.380 0.50 0.152 0.186 41 12 15 --- 20 7
40 0 0 1.15 0.227 0.341 0.56 0.111 0.167 55 11 17 45 --- ---
40 40 0 1.11 0.315 0.368 0.54 0.155 0.180 68 19 23 76 60 ---
40 40 40 1.11 0.309 0.364 0.54 0.152 0.178 67 19 22 73 56 28
80 0 0 1.35 0.212 0.337 0.66 0.104 0.165 73 12 18 44 --- ---
80 40 0 1.21 0.293 0.352 0.60 0.144 0.173 83 20 24 57 64 ---
80 40 40 1.19 0.305 0.356 0.58 0.149 0.174 83 21 25 56 70 37
120 0 0 1.41 0.196 0.334 0.69 0.096 0.164 72 10 17 29 --- ---
120 40 0 1.31 0.279 0.350 0.64 0.137 0.172 91 19 25 45 60 ---
120 40 40 1.32 0.300 0.354 0.65 0.147 0.173 96 22 26 49 74 39
160 0 0 1.40 0.224 0.342 0.69 0.110 0.167 85 14 21 30 --- ---
160 40 0 1.39 0.301 0.354 0.68 0.148 0.173 103 22 26 41 76 ---
160 40 40 1.36 0.276 0.349 0.67 0.135 0.171 98 20 25 38 63 38
200 0 0 1.41 0.230 0.346 0.69 0.113 0.169 89 15 22 26 --- ---
200 40 0 1.39 0.280 0.355 0.68 0.137 0.174 98 20 25 30 62 ---
200 40 40 1.39 0.284 0.352 0.68 0.139 0.173 100 20 26 31 65 38
continued
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Table 2. Nitrogen (N), phosphorus (P), and potassium (K) fertilizers on grain nutrient content and removal by irrigated grain sorghum, Tribune, KS, 
2010-2019
Fertilizer Grain Grain Removal
N P2O5 K2O N P K N P K N P K *AFNRg *AFPRg *AFKRg
------------ lb/a ------------ --------------- % --------------- ------------- lb/bu ------------- ------------ lb/a ------------ ----------------- % -----------------
ANOVA (P>F)
Nitrogen 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Linear 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Quadratic 0.001 0.007 0.001 0.001 0.007 0.001 0.001 0.001 0.001 0.050 0.001 0.001
P-K 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.736 ---
Zero P vs. P 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 --- --- ---
P vs. P-K 0.589 0.876 0.758 0.589 0.876 0.758 0.985 0.779 0.823 --- --- ---
N × P-K 0.060 0.013 0.082 0.060 0.013 0.082 0.120 0.001 0.001 0.045 0.041 ---
MEANS
Nitrogen, lb/a
0 1.03 e 0.292 a 0.371 a 0.51 e 0.143 a 0.182 a 40 e 11 d 15 d --- 21 c 7 c
40 1.12 d 0.284 a 0.358 b 0.55 d 0.139 a 0.175 b 63 d 16 c 21 c 65 a 58 b 28 b
80 1.25 c 0.270 b 0.348 c 0.61 c 0.132 b 0.171 c 80 c 18 abc 23 b 53 b 67 a 37 a
120 1.35 b 0.258 b 0.346 c 0.66 b 0.127 b 0.169 c 86 b 17 bc 23 b 41 c 67 a 39 a
160 1.38 ab 0.267 b 0.348 c 0.68 ab 0.131 b 0.171 c 95 a 19 a 24 a 36 c 69 a 38 a
200 1.40 a 0.264 b 0.351 c 0.68 a 0.130 b 0.172 c 96 a 18 ab 24 a 29 d 64 ab 38 a
LSD(0.05) 0.04 0.013 0.006 0.02 0.006 0.003 5 1 1 6 8 5
P2O5-K2O, lb/a
0 - 0 1.29 a 0.223 b 0.342 b 0.63 a 0.109 b 0.168 b 69 b 12 b 18 b 35 b --- ---
40 - 0 1.24 b 0.297 a 0.360 a 0.61 b 0.145 a 0.176 a 81 a 19 a 23 a 50 a 57 ---
40 - 40 1.23 b 0.298 a 0.359 a 0.60 b 0.146 a 0.176 a 81 a 19 a 23 a 49 a 58 ---
LSD(0.05) 0.03 0.009 0.004 0.01 0.004 0.002 3 1 1 5 5 ---
*AFNRg = Apparent fertilizer N recovery (grain).
AFPRg = Apparent fertilizer P recovery (grain).
AFKRg = Apparent fertilizer K recovery (grain).
LSD = least significant difference.
ANOVA = analysis of variance.
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Estimating Annual Forage Yields with 
Plant Available Water and Growing Season 
Precipitation
J. Holman, A. Obour, A. Schlegel, T. Roberts, and S. Maxwell 
Summary
Forage production is important for the western Kansas region’s livestock and dairy in-
dustries and has become increasingly important as irrigation-well capacity declines. For-
ages require less water than grain crops and may allow for increased cropping intensity 
and opportunistic cropping. Being able to estimate forage production is important for 
determining forage availability versus forage needs. Data from several studies were used 
to quantify annual forage yield response to plant available water (PAW) at planting and 
growing season precipitation (GSP). In addition, water use efficiency was quantified. 
Forages evaluated included winter triticale, spring triticale, and forage sorghum. 
Introduction
Annual forage crops are grown for a shorter time and require less moisture than tra-
ditional grain crops. Including annual forages in the cropping system might enable 
increased cropping intensity and opportunistic cropping. “Opportunistic cropping,” or 
“flex cropping,” is the planting of a crop when conditions (soil water and precipitation 
outlook) are favorable and fallowing when unfavorable. Forage producers in the region 
commonly grow winter triticale, forage sorghum, or spring triticale/oat. Producers 
are interested in forage crop rotations that enable increased pest management control 
options, spread out equipment and labor resources over the year, reduce weather risk, 
and increase profitability. Growing forages throughout the year greatly reduces the risk 
of crop failure. Understanding the yield relationship to PAW and GSP would help 
producers better meet their forage needs.
Study Objectives
1. Quantify yield relationship of winter, spring, and summer forages with PAW and 
GSP.
2. Determine water use efficiency of winter, spring, and summer forages. 
Experimental Procedures
Annual forages were grown as part of several different rotation experiments near Gar-
den City, KS. Plant available water, growing season precipitation, and forage yield were 
measured annually. Data for winter triticale and forage sorghum were available from 
2008 through 2019, and spring triticale from 2012 through 2019.
Annually, winter triticale was planted at the end of September, spring triticale was 
planted at the beginning of March, and forage sorghum was planted at the beginning of 
June. Crops were harvested at early heading to optimize forage yield and quality (Feekes 
10.1) (Large 1954). Annually, winter triticale was harvested approximately May 15, 
spring oat was harvested approximately June 1, and forage sorghum was harvested 
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approximately the end of August. Forage yields were determined from a 3- × 30-ft area 
cut 3 in. high using a small plot Carter forage harvester for each plot. Forage yield was 
measured at each harvest. Gravimetric soil moisture content was measured at planting 
and harvest to a depth of 6 ft using 1-ft increments. Precipitation storage efficiency 
(percent of precipitation stored during the fallow period) was quantified for each fallow 
period, and crop water use efficiency (forage yield divided by soil water used plus pre-
cipitation) was determined for each crop harvest. Crop yield response to plant available 
water at planting was regressed to estimate yield. These yield data will eventually be used 
to develop a yield prediction model based on historical or expected weather conditions 
when sufficient years of data are obtained. 
Data produced by this study will be used to evaluate the economics of forage rotations 
and tillage. Production costs and returns will be calculated using typical values for the 
region. The implication of using forages on crop insurance dynamics and risk exposure 
is a critical component of a producer’s decision-making process and will be evaluated at 
the conclusion of this study.
Results and Discussion
Winter Triticale
Winter triticale forage yield was correlated to PAW and GSP, although yield response 
was highly variable. Plant available water explained 26% and GSP explained 29% of 
the variability in forage yield (Figures 1 and 2). Together, PAW and GSP explained 
57% of the variability in forage yield (Figure 3). For every inch of water used (soil water 
plus GSP), yield was increased by 540 lb/a. Averaged across the study period, yield was 
3,900 lb/a.
Spring Triticale
Spring triticale forage yield was significantly correlated to PAW and GSP, and yield re-
sponse was variable. Plant available water explained 12% and GSP explained 8% of the 
variability in forage yield (Figures 4 and 5). Together, PAW and GSP explained 22% of 
the yield variability; suggesting something other than moisture, most likely temperature 
greatly impacts yield (Figure 6). For every inch of water used (soil water plus GSP), 
yield was increased by 214 lb/a. Averaged across the study period, yield was 1,500 lb/a.
Forage Sorghum
Forage sorghum forage yield was correlated to PAW and GSP, and yield response was 
variable. Plant available water explained approximately 20% and GSP explained 7% of 
the variability in forage yield (Figures 7 and 8). Together, PAW and GSP explained 
30% of the variability in forage yield (Figure 9). For every inch of water used (soil water 
plus GSP), yield was increased by 460 lb/a. Averaged across the study period, yield was 
5,600 lb/a.
References
Large, E.C. 1954. Growth stages in cereals illustration of the Feekes scale. Plant Pathol-
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Figure 2. Winter triticale yield response to growing season precipitation.
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Figure 3. Winter triticale yield response to water use (soil water plus growing season pre-
cipitation) and average yield (bold line) across the study period.
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Figure 6. Spring triticale yield response to water use (soil water plus growing season pre-
cipitation) and average yield (bold line) across the study period.
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Forage Sorghum
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Figure 9. Forage sorghum yield response to water use (soil water plus growing season pre-
cipitation) and average yield (bold line) across the study period.
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Early Postemergence and Sequential 
Herbicides for Weed Control in Corn 
R.S. Currie and P.W. Geier 
Summary
In this study, herbicides were tested to compare sequential and split rates for weed 
control in corn. Control of green foxtail, Russian thistle, and quinoa was excellent 
regardless of herbicide treatment, and most herbicides provided good kochia and 
Palmer amaranth control. Minor corn injury occurred with some herbicides applied 
early postemergence or postemergence, but did not persist. All herbicide treatments 
increased grain yield 56 to 78% compared to the weedy control, but yields did not differ 
between herbicide treatments.
Introduction
Historically, herbicides such as Acuron, Degree Xtra, Resicore, and Warrant were 
applied preemergence to corn to provide residual weed control until the crop became 
established and competitive with the weeds. As resistance issues to postemergence her-
bicides have increased, applying reduced rates of these residual herbicides preemergence 
and as part of a planned postemergence application has become increasingly popular. 
Applying these herbicides in a sequential program not only extends the residual weed 
control but also increases the modes of action used in the postemergence component. 
The objective of this study was to compare residual herbicides applied sequentially at 
split rates for efficacy in corn.
Experimental Procedures
An experiment was conducted at the Kansas State University Southwest Research-Ex-
tension Center near Garden City, KS, to compare various herbicides applied preemer-
gence (PRE) followed by postemergence (POST) or early postemergence (EPOST) for 
weed control in corn. All herbicides were applied using a tractor-mounted, compressed 
CO2 sprayer delivering 19.4 GPA at 4.1 mph and 30 psi. Application, environmental, 
and weed information are shown in Table 1. Plots were 10 by 35 feet and arranged 
in a randomized complete block design with four replications. Soil was a Beeler silt 
loam with 2.4% organic matter and pH of 7.6. Visual estimates of weed control were 
taken on June 17, July 8, and July 22, 2019. These dates were 7, 28, and 42 days after 
the POST applications (DA-C), respectively. Corn injury ratings were determined on 
June 7, June 17, and June 27, 2019, and these dates were 4 days after the EPOST appli-
cations (DA-B) and 7 or 17 DA-C. Yields were determined on September 19, 2019, by 
mechanically harvesting the center two rows of each plot and adjusting grain weights to 
15.5% moisture.
Results and Discussion
All herbicides controlled Russian thistle, quinoa, and green foxtail 96% or more re-
gardless of rating date, and did not differ between treatments (data not shown). Ko-
chia control at 7 and 42 DA-C was slightly less with Capreno (thiencarbazone/tem-
botrione) plus Degree Xtra (acetochlor/atrazine), Clarity (dicamba), and glyphosate 
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applied EPOST compared to the other herbicides and with Diflexx Duo (dicamba/
tembotrione) plus Degree Xtra and glyphosate applied EPOST at 42 DA-C (Table 2). 
All herbicides except Acuron (atrazine/S-metolachlor/mesotrione/bicyclopyrone) PRE 
followed by Acuron plus glyphosate POST controlled Palmer amaranth 98% or more 
at 7 and 28 DA-C. By 42 DA-C, no differences occurred among herbicides for Palmer 
amaranth control. Corn chlorosis was 6 to 11% with the EPOST herbicides at 4 DA-B 
but did not persist (Table 3). All POST treatments containing mesotrione (Acuron, 
Harness Max, and Resicore) caused 11 to 19% corn chlorosis at 7 DA-C, but visible 
corn injury at 17 DA-C was 5% or less regardless of herbicide treatment. Grain yields 
were 38 to 52 bu/a more from herbicide-treated corn than from the nontreated con-
trols. However, corn yields did not differ between herbicide treatments.
Brand names appearing in this publication are for product identification purposes only. No 
endorsement is intended, nor is criticism implied of similar products not mentioned. Per-
sons using such products assume responsibility for their use in accordance with current label 
directions of the manufacturer.
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Table 1. Application information
Application timing Preemergence Early postemergence Postemergence
Application date May 1, 2019 June 3, 2019 June 10, 2019
Air temperature (°F) 51 68 66
Relative humidity (%) 75 67 45
Soil temperature (°F) 53 67 63
Wind speed (mph) 3 to 6 5 to 8 4 to 6
Wind direction South-southeast South-southwest South-southwest
Soil moisture Good Good Good
Corn
Height (inch) PRE 5 to 8 8 to 12
Leaves (number) --- 2 to 3 4 to 5
Kochia
Height (inch) PRE 1 to 2 1 to 2
Density (plants/10 ft2) --- 5 2
Palmer amaranth
Height (inch) PRE 0.5 to 2 1 to 2
Density (plants/10 ft) --- 5 1
Russian thistle
Height (inch) PRE  1 to 2 0
Density (plants/10 ft2) --- 2 0
Quinoa
Height (inch) PRE 1 to 3 0
Density (plants/10 ft2) --- 2 0
Green foxtail
Height (inch) PRE 0.5 to 1 1 to 2
Density (plants/10 ft2) --- 5 1
55
Table 2. Sequential and early postemergence weed control in corn
Kochia Palmer amaranth
Treatment1 Rate Timing2 7 DA-C3 28 DA-C 42 DA-C 7 DA-C 28 DA-C 42 DA-C
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Table 2. Sequential and early postemergence weed control in corn
Kochia Palmer amaranth
Treatment1 Rate Timing2 7 DA-C3 28 DA-C 42 DA-C 7 DA-C 28 DA-C 42 DA-C

























































93 95 94 100 100 100
LSD (0.05) 3 NS 3 3 4 NS
1 NIS = nonionic surfactant. AMS = ammonium sulfate. 
2 PRE = preemergence. POST = postemergence. EPOST = early postemergence. 
3 DA-C = days after postemergence treatment. 
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17 DA-C Yield4 DA-B3 7 DA-C3
oz/a --------------------- % visual --------------------- bu/a
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17 DA-C Yield4 DA-B3 7 DA-C3

























































11 3 10 0 119.8
LSD (0.05) 3 5 5 3 22.8
1 NIS = nonionic surfactant. AMS = ammonium sulfate. 
2 PRE = preemergence. POST is postemergence. EPOST = early postemergence. 
3 DA-B = days after early postemergence applications. DA-C = days after postemergence applications.
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Residual Weed Control With Preemergence 
Herbicides in Grain Sorghum
R.S. Currie and P.W. Geier 
Summary
In this study, herbicides were tested to compare preemergence (PRE) application for 
weed control in grain herbicides. All herbicides controlled quinoa and crabgrass simi-
larly, as well as Russian thistle late in the season. Halex GT at either rate with atrazine 
as well as Bicep Lite II Magnum controlled Palmer amaranth less than 90% late in the 
season. Similarly, these herbicides along with Degree Xtra provided less than 90% ko-
chia control late. Grain yields did not differ between herbicide-treated and non-treated 
sorghum. 
Introduction
Residual weed control is important in any summer annual crop, and particularly im-
portant in grain sorghum. Postemergence weed control options in sorghum are limited 
compared to other crops, especially for grass weeds. Therefore, maximizing the length of 
the time the crop can grow without weed competition is critical. The objective of this 
study was to compare preemergence herbicides for efficacy in grain sorghum.
Experimental Procedures 
An experiment was conducted at the Kansas State University Southwest Research-Ex-
tension Center near Garden City, KS, to compare various preemergence herbicides 
for residual weed control in grain sorghum. All herbicides were applied using a trac-
tor-mounted, compressed CO2 sprayer delivering 19.4 GPA at 4.1 mph and 30 psi. Ap-
plication, environmental, and weed information are shown in Table 1. Plots were 10 by 
35 feet and arranged in a randomized complete block design with four replications. Soil 
was a Ulysses silt loam with pH of 7.9 and organic matter of 3.4%. Visual weed control 
estimates were made on July 16 and August 9, 2019. These dates were 7 and 31 days af-
ter the postemergence treatment (DA-B), respectively. Sorghum yields were determined 
on October 15, 2019, by mechanically harvesting the center two rows of each plot and 
adjusting grain weights to 14.0% moisture.
Results and Discussion
All herbicides controlled quinoa 88% or more at 7 DA-B and 95% or more at 50 DA-B, 
and did not differ between treatments. Similarly, crabgrass control was 95% or more 
regardless of herbicide treatment or rating date (data not shown). Kochia control at 
7 DA-B was 93% or more with all herbicides except Halex GT (S-metolachlor/glypho-
sate/mesotrione) at 64 oz/a plus atrazine PRE or Degree Xtra (acetochlor/atrazine) 
PRE (Table 2). These treatments, along with Halex GT at 80 oz/a plus atrazine PRE 
and Bicep Lite II Magnum (atrazine/S-metolachlor) PRE controlled kochia less than 
90% at 50 DA-B. Lumax EZ and Lexar EZ (both S-metolachlor/atrazine/mesotrione) 
PRE were the only treatments to control Russian thistle more than 80% at 7 DA-B. 
However, no differences between herbicide treatments occurred for Russian thistle 
control at 50 DA-B. Palmer amaranth control was similar among herbicides at 7 DA-B. 
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At 50 DA-B, Halex GT at 64 or 80 oz/a plus atrazine PRE and Bicep Lite II Magnum 
PRE provided less than 90% Palmer amaranth control. Grain yields were 88 to 106 
bu/a from herbicide-treated sorghum plots, but did not differ from sorghum receiving 
no herbicide treatment (83 bu/a) (data not shown).
Brand names appearing in this publication are for product identification purposes only. No 
endorsement is intended, nor is criticism implied of similar products not mentioned. Per-
sons using such products assume responsibility for their use in accordance with current label 
directions of the manufacturer.
Table 1. Application information
Application timing Preemergence 25 Days after planting
Application date June 14, 2019 July 7, 2019
Air temperature (°F) 96 74
Relative humidity (%) 41 73
Soil temperature (°F) 78 72
Wind speed (mph) 2 to 5 4 to 7
Wind direction South South
Soil moisture Fair Fair
Grain sorghum
Height (inch) 0 2 to 3
Leaves (number) --- 1
Kochia
Height (inch) 0 2 to 4
Density (plants/10 ft2) --- 1
Russian thistle
Height (inch) 0 2 to 4
Density (plants/10 ft2) --- 1
Quinoa
Height (inch) 0 2 to 4
Density (plants/10 ft2) --- 1
Palmer amaranth
Height (inch) 0 2 to 3
Density (plants/10 ft2) --- 1
Crabgrass
Height (inch) 0 0
Density (plants/10 ft2) --- ---
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Table 2. Weed control and grain yield with preemergence herbicides in grain sorghum
Kochia Russian thistle Palmer amaranth
Treatment1 Rate Timing2 7 DA-B3 50 DA-B3 7 DA-B 50 DA-B 7 DA-B 50 DA-B
oz/a ------------------------------------------- % visual -------------------------------------------
Lumax EZ 86 PRE 98 95 85 83 100 98














93 85 70 80 93 85
Bicep Lite II Magnum 48 PRE 94 85 80 80 85 78






95 90 80 88 95 95







96 100 75 85 98 98
LSD (0.05) 8 10 9 NS NS 10
1 NIS = nonionic surfactant. AMS = ammonium sulfate.
2 PRE = preemergence. POST = 25 days after planting.
3 DA-B = days after the postemergence treatment.
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Single and Sequential Herbicide Treatments 
for Efficacy in Corn
R.S. Currie and P.W. Geier
Summary
In this study, herbicides were tested to compare application of single and sequential 
treatments for weed control in corn. Quinoa and Russian thistle control was 95% or 
more regardless of herbicide treatment. Anthem Maxx, Resicore, and Corvus followed 
by Harness Max provided good control of Palmer amaranth. Acuron applied preemer-
gence and Anthem Maxx plus Callisto and atrazine early postemergence were less effec-
tive on kochia than other herbicides, whereas Anthem Maxx plus Callisto and atrazine 
applied preemergence and Halex GT applied early postemergence were less effective 
on green foxtail. Grain yields from all herbicide-treated corn were substantially greater 
than for the nontreated control plots. 
Introduction
As of 2019, 28 weed species have been reported to have herbicide resistance in Kansas. 
Use of herbicides with multiple modes of action and sequential applications of herbi-
cides are two effective strategies to combat the development of herbicide-resistant weed 
species. The objective of this study was to compare single applications of herbicides with 
multiple modes of action to sequential applications for efficacy in corn.
Experimental Procedures
An experiment was conducted at the Kansas State University Southwest Research-Ex-
tension Center near Garden City, KS, to compare preemergence (PRE), early poste-
mergence (EPOST), or PRE followed by postemergence (POST) herbicides for weed 
control in corn. All herbicides were applied using a tractor-mounted, compressed CO2 
sprayer delivering 19.4 GPA at 4.1 mph and 30 psi. Application, environmental, and 
weed information are shown in Table 1. Plots were 10 by 35 feet and arranged in a ran-
domized complete block design with four replications. Soil was a Beeler silt loam with 
2.4% organic matter and pH of 7.6. Visual weed control ratings were taken on June 27 
and July 23, 2019. These dates were 1 and 27 days after the POST treatment (DA-C), 
respectively. Corn yields were determined on September 19, 2019, by mechanically har-
vesting the center two rows of each plot and adjusting grain weights to 15.5% moisture.
Results and Discussion
Quinoa and Russian thistle control was essentially complete with all herbicides re-
gardless of rating date (data not shown). All herbicide treatments containing Anthem 
Maxx (pyroxasulfone/fluthiacet) PRE controlled Palmer amaranth 95 to 100% at 1 and 
27 DA-C, as did the treatment of Resicore (acetochlor/mesotrione/clopyralid) PRE 
(Table 2). Corvus (isoxaflutole/thiencarbazone) plus atrazine PRE followed by Harness 
Max (acetochlor/mesotrione) plus atrazine and glyphosate POST also controlled Palm-
er amaranth 95% at 27 DA-C. Kochia control at 1 and 27 DA-C was slightly less with 
Acuron (S-metolachlor/atrazine/mesotrione/bicyclopyrone) PRE or Anthem Maxx 
plus Callisto (mesotrione) and atrazine EPOST, compared to the most efficacious treat-
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ments. Green foxtail control was 95% or more with all herbicides except Anthem Maxx 
plus Callisto and atrazine PRE and Halex GT (S-metolachlor/glyphosate/mesotrione) 
plus atrazine EPOST at 27 DA-C. Yields of herbicide-treated corn plots ranged from 
99.8 to 115.4 bu/a, which was 61 to 77 bu/a more than nontreated corn.
Brand names appearing in this publication are for product identification purposes only. No 
endorsement is intended, nor is criticism implied of similar products not mentioned. Per-
sons using such products assume responsibility for their use in accordance with current label 
directions of the manufacturer.
Table 1. Application information
Application timing Preemergence Early postemergence Postemergence
Application date May 18, 2019 June 10, 2019 June 26, 2019
Air temperature (°F) 51 68 68
Relative humidity (%) 64 34 61
Soil temperature (°F) 60 69 71
Wind speed (mph) 0 to 2 3 to 6 3 to 5
Wind direction North South-southwest South
Soil moisture Good Good Good
Corn
Height (inch) 0 6 to 9 15 to 20
Leaves (number) --- 2 to 3 6 to 7
Palmer amaranth
Height (inch) 0 1 to 3 2 to 4
Density (plants/10 ft2) --- 10 1
Kochia
Height (inch) 0 1 to 3 2 to 3
Density (plants/10 ft2) --- 10 1
Russian thistle
Height (inch) 0 1 to 3 3 to 5
Density (plants/10 ft2) --- 3 1
Quinoa
Height (inch) 0 1 to 2 0
Density (plants/10 ft2) --- 2 ---
Green foxtail
Height (inch) 0 1 to 2 2 to 3
Density (plants/10 ft2) --- 10 1
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Table 2. Single and sequential herbicide efficacy in corn
Palmer amaranth Kochia Green foxtail Corn 
yieldTreatment1 Rate Timing2 1 DA-C3 27 DA-C 1 DA-C 27 DA-C 1 DA-C 27 DA-C
oz/a ------------------------------------------- % visual ------------------------------------------- bu/a



























85 86 100 100 96 95 99.8
Acuron 80 PRE 91 89 91 90 100 96 107.6



































































86 95 95 99 100 99 104.9
LSD (0.05) 8 9 5 6 3 5 15.4
1 NIS = nonionic surfactant. AMS = ammonium sulfate.
2 PRE = preemergence. EPOST = early postemergence. POST = postemergence.
3 DA-C = days after the postemergence treatments.
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Efficacy of KFD-365-02 Rates and Mixtures 
in Imidazolinone-Tolerant Grain Sorghum
R.S. Currie and P.W. Geier
Summary
This study compared various tank mixes of generic S-metolachlor/mesotrione and 
imazamox for weed control in imidazolinone-tolerant grain sorghum. All herbicides 
provided more than 90% control of Russian thistle, velvetleaf, and green foxtail, and 
kochia control late in the season was 85% or more. Puncturevine control late in the 
season was 80 to 90% with all herbicides except Coyote followed by KFD-365-02 and 
by KFD-365-02 at 6 oz/a plus atrazine followed by 2,4-D. Only Coyote followed by 
KFD-365-02 plus atrazine or 2,4-D controlled Palmer amaranth more than 78% late.
Introduction
Postemergence grass weed control in grain sorghum is one of the toughest challenges 
producers face. Until recently, only atrazine and quinclorac have been labeled for grass 
control in sorghum, but herbicide-resistant sorghum hybrids are in development. Ig-
rowth sorghum has been bred with resistance to imazamox herbicide. The use of ima-
zamox in sorghum can control grasses such as shattercane, seedling Johnsongrass, and 
foxtails. This study examined the use of imazamox (KFD-365-02) preemergence and 
postemergence in Igrowth sorghum.
Experimental Procedures
An experiment was conducted at the Kansas State University Southwest Research-Ex-
tension Center near Garden City, KS, to compare imazamox preemergence and 
postemergence with various tank mix partners for weed control in grain sorghum. All 
herbicides were applied using a tractor-mounted, compressed CO2 sprayer delivering 
19.4 GPA at 4.1 mph and 30 psi. Application, environmental, and weed information 
are shown in Table 1. Plots were 10 by 35 feet and arranged in a randomized complete 
block design with four replications. Soil was a Beeler silt loam with 2.4% organic matter 
and pH of 7.6. Visual weed control ratings were made on June 20 and July 10, 2019. 
These dates were 17 days after the preemergence applications (DA-B) and 19 days after 
the postemergence applications (DA-C), respectively.
Results and Discussion
Control of Russian thistle, velvetleaf, and green foxtail was 91% or more regardless of 
herbicide or evaluation date (data not shown). Palmer amaranth control at 17 DA-B 
and 19 DA-C was best when Coyote (S-metolachlor/mesotrione) was applied 20 days 
preplant (DPP) followed by KFD-365-02 with atrazine or 2,4-D postemergence 
(POST) (Table 2). The lack of Palmer amaranth control from POST applications of 
KFD-365-02 was due to resistance of the weed biotype to imidazolinone herbicides. 
Most herbicides controlled kochia 88 to 96% at 17 DA-B; KFD-365-02 at 6 or 9 oz/a 
PRE followed by atrazine POST did not. By 19 DA-C, no difference occurred among 
herbicides for kochia control. Similarly, puncturevine control at 17 DA-B was similar 
among herbicide treatments. By 19 DA-C, puncturevine control was 80% or more with 
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all herbicides except Coyote PRE followed by KFD-356-02 POST or KFD-365-02 at 
6 oz/a plus atrazine PRE followed by 2,4-D POST. No visible crop injury was observed 
from any treatment, and grain yields could not be determined due to the intense Palmer 
amaranth pressure.
Brand names appearing in this publication are for product identification purposes only. No 
endorsement is intended, nor is criticism implied of similar products not mentioned. Per-
sons using such products assume responsibility for their use in accordance with current label 
directions of the manufacturer.
Table 1. Application information
Application timing 20 days preplant Preemergence Early postemergence
Application date May 14, 2019 June 3, 2019 June 21, 2019
Air temperature (°F) 65 86 71
Relative humidity (%) 61 45 75
Soil temperature (°F) 56 83 73
Wind speed (mph) 1 to 4 8 to 11 5 to 8
Wind direction South South-southwest North
Soil moisture Good Good Good
Grain sorghum
Height (inch) 0 0 1 to 3
Leaves (number) --- --- 1 to 3
Palmer amaranth
Height (inch) 0 0 1 to 5
Density (plants/10 ft2) --- --- 10
Kochia
Height (inch) 0 0 1 to 3
Density (plants/10 ft2) --- --- 8
Puncturevine
Diameter (inch) 0 0 3 to 6
Density (plants/10 ft2) --- --- 3
Russian thistle
Height (inch) 0 0 1 to 3
Density (plants/10 ft2) --- --- 2
Velvetleaf
Height (inch) 0 0 0.5 to 2
Density (plants/10 ft2) --- --- 5
Green foxtail
Height (inch) 0 0 2 to 3
Density (plants/10 ft2) --- --- 1
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Table 2. Weed control in imidazolinone-resistant sorghum
Palmer amaranth Kochia Puncturevine
Treatment1 Rate Timing2 17 DA-B3 19 DA-C3 17 DA-B 19 DA-C 17 DA-B 19 DA-C








































































76 50 95 93 98 80
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Table 2. Weed control in imidazolinone-resistant sorghum
Palmer amaranth Kochia Puncturevine
Treatment1 Rate Timing2 17 DA-B3 19 DA-C3 17 DA-B 19 DA-C 17 DA-B 19 DA-C
oz/a -------------------------------------------- % visual --------------------------------------------















78 60 90 90 98 90


















80 64 91 93 100 85


















78 65 98 100 100 90















78 48 95 98 93 80
LSD (0.05) 11 17 11 NS NS 10
1 AMS = ammonium sulfate. COC = crop oil concentrate.
2 20 DPP = 20 days preplant. PRE = preemergence. POST = early postemergence. 
3 17 DA-B = 17 days after the preemergence treatments. 19 DA-C = 19 days after the early postemergence applications.
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Comparison of Terbuthylazine and Atrazine 
Preemergence in Grain Sorghum
R.S. Currie and P.W. Geier
Summary
Terbuthylazine is an atrazine analog that is used in Europe as a replacement for atra-
zine. This study compares terbuthylazine with common herbicide tank mixes for weed 
control in this region. All herbicides controlled quinoa and crabgrass 95% or more, 
whereas Bicep II Magnum controlled kochia, Palmer amaranth, and Russian thistle the 
best late in the season. No herbicide visibly injured grain sorghum in this experiment. 
Grain yields increased 18 to 32 bu/a when herbicides were applied compared to the 
nontreated controls except with atrazine at 24 oz/a.
Introduction
Terbuthylazine is a photosynthesis-inhibiting herbicide similar to atrazine. In areas 
where atrazine use is restricted, such as Europe, terbuthylazine is used for preemergence 
weed control in corn. In the United States, terbuthylazine is not currently marketed 
as an herbicide. This study was conducted to compare terbuthylazine with atrazine for 
weed control in grain sorghum.
Experimental Procedures
An experiment was conducted at the Kansas State University Southwest Research-Ex-
tension Center near Garden City, KS, to compare terbuthylazine and atrazine alone 
and in combinations for preemergence weed control in grain sorghum. All herbicides 
were applied using a tractor-mounted, compressed CO2 sprayer delivering 19.4 GPA at 
4.1 mph and 30 psi. Application, environmental, and weed information are shown in 
Table 1. Plots were 10 by 35 feet and arranged in a randomized complete block design 
with four replications. Soil was a Ulysses silt loam with pH of 7.9 and 3.4% organic 
matter. Visual estimates of weed control were determined on July 16 and July 29, 2019. 
These dates were 28 and 41 days after herbicide treatment (DAT). Sorghum yields were 
determined by mechanically harvesting the center two rows of each plot and adjusting 
grain weights to 14.0% moisture.
Results and Discussion
Quinoa and crabgrass control with all herbicides was 95% or more regardless of evalu-
ation date and did not differ (data not shown). At 28 DAT, kochia and Palmer am-
aranth control was 80% or more with all herbicides except terbuthylazine at 23 oz/a 
or atrazine at 24 oz/a (Table 2). By 41 DAT, control of each of these species was best 
(85%) when Bicep II Magnum (S-metolachlor/atrazine) at 64 oz/a was applied. All her-
bicides controlled Russian thistle similarly at 28 DAT. Bicep II Magnum provided the 
best Russian thistle control at 41 DAT (88%), and only terbuthylazine at 23 oz/a and 
atrazine at 24 oz/a were less efficacious. No visible sorghum injury was observed from 
any of the herbicides tested. Grain yields were increased 31 to 54% by most herbicide 
treatments compared to nontreated sorghum. However, sorghum treated with atrazine 
at 24 oz/a yielded similarly to the nontreated controls.
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Brand names appearing in this publication are for product identification purposes only. No 
endorsement is intended, nor is criticism implied of similar products not mentioned. Per-
sons using such products assume responsibility for their use in accordance with current label 
directions of the manufacturer.
Table 1. Application information
Application timing Preemergence
Application date June 18, 2019
Air temperature (°F) 88
Relative humidity (%) 62
Soil temperature (°F) 86
Wind speed (mph) 3 to 6
Wind direction West-southwest
Soil moisture Fair
Table 2. Terbuthylazine and atrazine comparisons in sorghum
Treatment Rate Timing1
Kochia Russian thistle Palmer amaranth Sorghum 
yield28 DAT2 41 DAT 28 DAT 41 DAT 28 DAT 41 DAT
oz/a ------------------------------------------- % visual ------------------------------------------- bu/a
Untreated --- --- --- --- --- --- --- --- 58.6
Terbuthylazine 23 PRE 70 63 83 65 68 60 77.7
Terbuthylazine 31 PRE 80 78 86 83 80 70 76.9
Atrazine 24 PRE 78 73 88 75 73 65 66.9














84 73 90 78 83 73 83.5
Bicep II Magnum 67 PRE 85 85 93 88 89 85 90.4
LSD (0.05) 6 7 NS 12 11 10 18.0
1 PRE = preemergence. 
2 DAT = days after treatment.
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Vida Tank Mixtures for Postemergence 
Weed Control in Fallow
R.S. Currie and P.W. Geier
Summary
The objective of the study was to compare Vida (pyraflufen ethyl) with various tank mix 
partners for weed control in fallow. All herbicides controlled flixweed and tansymus-
tard 96% or more by 16 days after treatment. Treatments containing Spartan provided 
faster and better kochia control compared to other herbicides, and these treatments 
were the only ones to control kochia 95% or more late in the season. 
Introduction
Kochia has become one of the most difficult-to-control weeds in the Central Great 
Plains. One population of kochia in Kansas had demonstrated resistance to four differ-
ent herbicide modes of action, including atrazine, dicamba, and glyphosate. Therefore, 
the use of herbicide tank mixtures that utilize novel modes of action is critical for effec-
tive control of this weed. The objective of the study was to compare Vida with various 
tank mix partners for weed control in fallow.
Experimental Procedures
An experiment was conducted at the Kansas State University Southwest Research-Ex-
tension Center near Garden City, KS, to compare Vida tank mixtures for weed control 
in fallow. Herbicides were applied postemergence using a tractor-mounted, compressed 
CO2 sprayer delivering 19.4 GPA at 30 psi and 4.1 mph. Application, environmental, 
and weed information is shown in Table 1. Plots were 10 by 35 feet and arranged in a 
randomized complete block with 4 replications. Soil was a Ulysses silt loam with 3.4% 
organic matter and pH of 7.9. Visual weed control was determined on May 17, May 29, 
and June 10, 2019. These dates were 4, 16, and 28 days after treatment (DAT), respec-
tively.
Results and Discussion
Tank mixtures containing Spartan (sulfentrazone) controlled kochia, pinnate tansy-
mustard, and flixweed better than most other treatments at 4 DAT, but did not exceed 
65% (Table 2). Similarly, kochia control at 16 DAT was 97% or more with all treat-
ments containing Spartan, and 93% with the treatment of Vida plus glyphosate and 
dicamba. Pinnate tansymustard and flixweed control was 96% or more regardless of 
treatment at 16 DAT and did not differ between treatments. By 28 DAT, Vida with 
glyphosate, glyphosate and 2,4-D, or glyphosate and dicamba controlled kochia 75 to 
89%, whereas Spartan-containing treatments controlled kochia 95 to 97%. All herbi-
cide treatments completely controlled pinnate tansymustard and flixweed at 28 DAT.
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endorsement is intended, nor is criticism implied of similar products not mentioned. Per-
sons using such products assume responsibility for their use in accordance with current label 
directions of the manufacturer.
Table 1. Application information
Application timing Postemergence
Application date May 23, 2019
Air temperature (°F) 75
Relative humidity (%) 56
Soil temperature (°F) 60




Height (inch) 3 to 5
Density (plants/ft2) 10
Pinnate tansymustard
Height (inch) 10 to 15
Density (plants/ft2) 1
Flixweed
Height (inch) 15 to 25
Density (plants/ft2) 1
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Table 2. Pyraflufen tank mixtures for postemergence weed control in fallow
Treatment1 Rate
Kochia Pinnate tansymustard Flixweed
4 DAT2 16 DAT 28 DAT 4 DAT 16 DAT 28 DAT 4 DAT 16 DAT 28 DAT













































































65 97 97 53 98 100 50 97 100
LSD (0.05) 9 4 6 6 NS NS 5 NS NS
1 COC = crop oil concentrate. AMS = ammonium sulfate.
2 DAT = days after treatment.
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